Yehicle Environmental Engiveering £508 Enterprive Drive
Ford Motor Company Suite 39200
Allen Park, 31 48101

September 19, 2011

M. Annette Hebert, Chief

Mobile Source Operations Dvision
Haagen-Smit Laboratory

P. O, Box BOGI

0528 Telstar Avenue

El Monte, California 91734-8001

Dear Ms, Hebert

Subject: 2013 MY LDV and LDT Application for Certification: Commmon Section Initial Submission

This submittal contains the B and FO!I versions of the Initial 2013 MY Comumon Section for your review and approval.
This submittal follows the CAP 2000 Guidance — recommended Part-1 Application format, based on the Part-1
application requirements found in 40CFRE6.1844-01{d}.

Sections included:

INDEX
{1.00.00,00 Correspondence & Communication
03.00.00.00 Evaporative / Refusling Family Description
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14.00.00.00 Reguest for Certification
§5.00.00.00 Other Information
16.00.00.00 Confidential Information
§7.00.00,60 California ARB Information

The subject document containg confidential information (Section 16) for which Ford requests confidential freatment. In
the event vou beligve that all or part of that submitted information may not be entitled to confidential treatiment, Ford asks
that vou provide reasonable notice of not less than ten working days prior to any contemplated disclosure. Please direct
all notices to, Alan Prescott, (A.D.}, Office of the General Counsel, Ford Motor Company, Room 437-A1, World
Headquarters, One American Road, Dearborn, M1 48126-2798; telephone (313) 390-5621, E-mail;
APRESCOT@ford.com

[fyou have any guestions, with regard to this submittal, please contact Mr. Travis Henney at thenney(@ford.com or (313)
399-7256.

Sincerely,
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FORD MOTOR COMPANY
2013 MY APPLICATION FOR EMISSION CERTIFICATION

01.00.00.00 CORRESPONDENCE and COMMUNICATIONS

01.01.00.00 Mailing Information
01.01.01.00 Cognizant Technical Representative

Listed below are the name, address and telephone number of Robert D. Brown, the Ford Motor Company cognizant
technical representative. Also listed is contact information for Todd M. Fagerman and Peter D. Souchock. At the
time of publication, please provide guidance documents and other technical information to those individuals. Non-
OBD information exchanges related to emissions certification (e.g., Executive Orders and/or Certificates of
Conformity) should be directed to Todd M. Fagerman. Information exchanges related to OBD should be addressed
to Peter D. Souchock.

Robert D. Brown, Global Director
Vehicle Environmental Engineering
Ford Motor Company

Building A-South, Nichl Plant
Cologne, Germany

Telephone: 49-221-9017285

Todd M. Fagerman, Manager Peter D. Souchock, Manager

Vehicle Environmental Engineering Vehicle Environmental Engineering

Car & Truck Certification Compliance & Fuel Economy Engineering
Suite 3W-200, Allen Park Test Laboratory Suite 3W-100, Allen Park Test Laboratory
1500 Enterprise Drive 1500 Enterprise Drive

Allen Park, MI 48101 Allen Park, MI 48101

Telephone: (313) 594-0680 Telephone: (313) 390-3073

E-mail: tfagerma@ford.com E-mail: psouchoc@ford.com

01.01.02.00 Certificate Information
The corporate name and address that should be printed on the Certificate of Conformity or Executive Order is:
Ford Motor Company
The American Road
Dearborn, Michigan 48121-1899
01.02.00.00 Facsimile Information
The following telecopier telephone numbers are available for the transmittal of printed or written material to the

Ford Motor Company Vehicle Environmental Engineering Office:

(313) 390-1243 Car and Truck Certification
(313) 337-3935 Car and Truck Certification

Issued: 10/13/2009 2013 MY Common Section
Revised: 9/19/2011 Ford Motor Company
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2013 MY APPLICATION FOR EMISSION CERTIFICATION

FORD MOTOR COMPANY

01.03.00.00 Liaison Information

Persons Authorized to Communicate with EPA or ARB staff:

Name

Robert D. Brown

Peter D. Souchock
Todd M. Fagerman
Glen A. Heiser
Neil G. Whitbeck

Dan Adsit
John Trajnowski
Camil Banciu

Kenneth C. Middleton

Michael P. Landry

Darryl Forintos

Robert Stoll

Jac Cusumano
Mark Guenther
Mike Sherman
Rebecca Shelby
Ken McAlinden

Todd Crompton

Issued: 11/13/2009
Revised: 9/19/2011

Responsibilit

Global Director

Compliance & Fuel Economy

Manager

Car & Truck Certification

Manager

Fuel Economy / Coastdown / Test Tech.
Manager

Diesel, HD Engine & Advanced Cert
Manager

Correlation / Database / Recycling
Manager

OBD & Regulatory Compliance

Database Control / System Integration
Supervisor

Evaporative and Advanced Cert
Supervisor

Cert. Operations, Car-LDT1
Applications, & Durability Programs
Supervisor

Car & Truck Cert. Timing / Planning

VECI & Diagnostic Laboratory
Supervisor

Fuel Economy Programs

Supervisor

Coastdown & Test Technology
Supervisor

Correlation, Compliance & Analysis
Supervisor

IUVP / OBD PVE Compliance Testing
Supervisor

OBD Certification / Noise / RFI/ IM
Supervisor

AECD Compliance

Specialist

1.00.00.00 -2 of 4

Telephone No.
49-221-9017285

(313) 390-3073
(313) 594-0680
(313) 594-0738
(313) 323-1670

(313) 594-3458
(313) 322-5670
(313) 390-8623

(313) 805-8233

(313) 322-9510

(313) 805-3615

(313) 248-88620
(313) 248-8521
(313) 594-2054
(313) 594-20564
(313) 248-8010
(313) 322-4018

(313) 805-3612

E-mail Address

rbrown8@ford.com

psouchoc@ford.com
tfagerma@ford.com
gheiser@ford.com

nwhitbec@ford.com

dadsit@ford.com
jtrajnow@ford.com
cbanciu@ford.com

kmiddlel@ford.com

mlandry@ford.com

dforinto@ford.com

rstolli@ford.com
Jjeusuman@ford.com
mguenthe@ford.com
mshermal@ford.com
rking25@ford.com
kmcalind@ford.com

tcrompto@ford.com

2013 MY Common Section

Ford Motor Company
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FORD MOTOR COMPANY
2013 MY APPLICATION FOR EMISSION CERTIFICATION

01.03.00.00 Liaison Information (cont'd)

Persons Authorized to Communicate with EPA or ARB staff:

Certification / Fuel Economy Engineers

ElisaK. LaRue
Marisa A. Faith
Travis Henney

Alan Sadler

Nick Salciccioli
Vincent A. Redmond
Chijioke Okafor
Ruowen Wu
Kenneth A. Jenifer
Linda Mills

Steve Howard

Fuel Economy Application Coordinator
Light Duty Truck Liaison

Light Duty Vehicle Liaison

Light Duty Truck Liaison

Joint Venture / Light Duty Truck Liaison
Light Duty Vehicle Liaison

Light Duty Truck / Heavy Duty Engine
Liaison

Light Duty Vehicle Liaison

Light Duty Vehicle Liaison

Light Duty Vehicle Liaison

Light Duty Vehicle Liaison

(313) 322-3707
(313) 323-8046
(313) 399-7256
(313) 323-0838
(313) 317-4248
(313) 337-5144
(313) 594-7657
(313) 390-7247
(313) 317-2220
(313) 322-9662

(313) 248-9666

elaruel@ford.com
mander51(@ford.com
thenney@ford.com
asadler@ford.com
nsalcicci@ford.com
vredmond/@ford.com
cokafor@ford.com
ruS@ford.com
kjenifer@ford.com
Imills4(@ford.com

showard1@ford.com

Personnel Authorized to Communicate with EPA / ARB Staff in Regard to Advanced Certification, OBD and

Program Timing Issues:

Name

Angela Fletcher-Cook
Michael Gabbert

Noelle Baker

Linda Camaj
Jarret Zablocki
John Sas

Mark Kobetis

Issued: 11/13/2009
Revised: 9/19/2011

Responsibility

Truck Shift Schedule and FTTP Wind
Tunnel Testing Liaison

Program Management & Fuel Economy
Application
OBD Liaison

OBD Liaison
Exhaust D.F. Programs
Exhaust D.F. Programs

FTTP Road Testing , Car Shift
Schedules , and ORVR Safety Liaison

1.00.00.00 -3 of 4

Telephone No.

(313) 322-3162

(313) 323-7122
(313) 845-1222
(313) 323-2660
(313) 390-7198
(313) 845-8696

(313) 805-8216

E-mail Address

afletch4@ford.com
mgabbert@ford.com
nbaker@ford.com
Icamaj@ford.com
jzablock@ford.com

jsas@ford.com

mkobetis@ford.com

2013 MY Common Section
Ford Motor Company
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FORD MOTOR COMPANY
2013 MY APPLICATION FOR EMISSION CERTIFICATION

01.03.00.00 Liaison Information (cont'd)

Personnel Authorized to Communicate with EPA / ARB Staff in Regard to Test Procedures:

Name Responsibility Telephone No. E-mail Address

Michael Sherman, Correlation Compliance & Analysis (313) 594-2056 mshermal@ford.com
Supervisor

Mark Guernther Coastdown & Test Technology (313) 594-2054 mguenthei@ford.com
Supervisor

Personnel Authorized to Communicate with EPA / ARB Staff in Regard to In-Use Compliance:

Name Responsibility Telephone No. E-mail Address
Rebecca Shelby In-Use Compliance Supervisor (313) 248-8010 rking25(@ford.com

01.04.00.00 On Site Certification Engineering Observer at EPA

To ensure that Ford Motor Company certification vehicles are processed through the EPA Laboratory in a manner
consistent with established test schedules and procedures, a Certification Engineering representative has been
assigned from the Certification Engineering Department. Additional Ford Motor Company personnel, not otherwise
specified in this Application, may be on site to provide assistance to the vehicle Certification Engineering
representative in the performance of his duties.

Authorized Certification Engineering Observers:

Name Telephone No. E-mail Address

Richard Copeland (313) 594-4632 rcopela2(@ford.com

John Dabbs (313) 594-1489 Jdabbs1@ford.com

Issued: 11/13/2009 2013 MY Common Section
Revised: 9/19/2011 Ford Motor Company
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ORVR System Description

ORVR Fuel System Components: Figure 1 illustrates a generic Ford ORVR-equipped fuel system.
The generic ORVR-equipped fuel system utilizes the following hardware:

Specially Designed Filler Pipe - Ensures the formation of a dynamic liquid seal during vehicle
refueling. The pipe may also come equipped with a vapor recirculation line to minimize vapor
growth during refueling.

Specially Designed Fill Control Valve - Limits fuel levels in the fuel tank and allows refueling
vapors to travel through the valve into the vapor line. Some fill control valves act to separate
entrained liquid fuel from fuel vapors passing through the valve.

Vapor Recirculation Line - Routes a portion of refueling vapors to the top of the fuel filler pipe to
limit amount of relatively fresh air being entrained by action of liquid seal. A fixed or variable size
orifice controls the flow of recirculated vapors.

Anti-spitback Device - Located in line with the fuel filler pipe, this device (usually a flapper door
valve or fill tube check valve with a piston/spring/valve seat design) impedes spitback of liquid at
the end of the refueling event.

Carbon Canister - Used to store refueling vapors for use later in engine operation. Ford uses an
integrated system to capture both evaporative and refueling emissions on all programs except
plug-in hybrids. On plug-in hybrids, Ford utilizes a non-integrated system which utilizes the
canister for refueling emissions and a pressurized fuel tank for evaporative emissions.

Carbon Canister Vent Valve — Systems are equipped with a solenoid that is normally open to
allow fresh air to enter and exit the canisters as required by system performance. This valve
closes to seal the system for the diagnostic system leak check. Hybrid programs utilize an
Electronic Leak Check Module (ELCM) to conduct leak detection by monitoring flow through an
orifice.

All fuel system designs, including those equipped to control refueling emissions, contain safety
features required to ensure compliance with rollover and crash safety requirements.

T . Vapor Recirculation
Canister IC Engine Vapor Line Line
Purge
Valve

Pressure Transducer

Orifice
St

—

Fuel Tank

Vent Valve(s) <—Fue| Cap

or Capless Insert

Filler Pipe
Vapor Space Fill Control
Valve
Canister Lo
Vent Liquid Fuel Anti-spitback
Valve Device
\ Integrated Enh. Evap. and
ORVR Carbon Canister
Figure 1. Generic ORVR-Equipped Ford Fuel System
Issued: 10/10/2003 03.01.00.00-1 of 2 2013 MY Common Section
Revised: 10/22/2012 Ford Motor Company
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ORVR System Description

Operation of ORVR System During Refueling: During refueling, the ORVR fuel system routes the
majority of refueling vapors to a carbon canister, where they are adsorbed and stored for later use. A
recirculation line guides a small portion of refueling vapors to the top of the fuel neck to displace
relatively fresh air which otherwise would be drawn into the fuel tank by the action of the fuel flowing
through the filler pipe. A fixed or variable diameter orifice located in the recirculation line restricts the
quantity of fuel vapors being recirculated to ensure no vapors spill out the fuel filler inlet into the
atmosphere.

Other vapor routes are blocked during vehicle refueling. A closed vapor management valve blocks
vapors from traveling to the engine. A dynamic liquid seal constitutes the primary mechanism for
blocking refueling vapors from escaping out the fuel filler pipe. The shape of the fuel filler pipe rapidly
constricts shortly after the site of maximum fuel nozzle penetration. This constriction causes the fuel
to flow in a manner such that no fuel vapors can escape to the atmosphere from the fuel tank through
the fuel filler neck. Instead, the action of the incoming fuel draws fresh air (and recirculated vapor,
where applicable) into the filler neck. Once refueling stops and the liquid seal is broken, an anti-
spitback device -- such as a fill tube check valve -- acts to restrict fuel spitback and wellback.

Refueling shut off occurs due to a float rising in the fuel limiting vent valve. As the float rises, the
valve closes the vapor pathway to the vapor lines. Pressure in the fuel tank builds, in turn, producing
a pressure pulse that travels up the fuel filler neck. The pressure pulse in the filler neck causes liquid
fuel to cover the shut-off port on the fuel-dispensing nozzle, thereby causing the nozzle to shut off.

Fuel Filler Inlet Design: Ford fuel filler inlets conform to California fuel filler inlet requirements,
which in their geometric specifications are almost identical to ISO 9158 and SAE J285. Ford fuel
inlets also employ a fuel nozzle restrictor conforming to the requirements of 40 CFR §80.24. Ford
has elected to discontinue the use of a metallic flapper valve on the fuel filler inlet restriction. The
restriction hole of the newly designed nozzle inlet plate in the fuel pipe is strategically sized and
located such that when the fuel nozzle is introduced in the fuel pipe to dispense fuel, it helps ensure
the fuel nozzle contacts the fill pipe plate for grounding, bonding.

Issued: 10/10/2003 03.01.00.00-20f 2 2013 MY Common Section
Revised: 10/22/2012 Ford Motor Company
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TYPICAL EVAPORATIVE EMISSION SYSTEM

DESCRIPTION OF EVAPORATIVE EMISSION CONTROL SYSTEM

The Evaporative Emission Control System consists of a sealed fuel tank assembly, a filler pipe, a
fuel cap or capless insert, fuel tank vapor orifice(s) (fuel limiting vent valves and grade vent
valves), materials that adsorb fuel vapors (such as carbon in a canister), and a canister purge
valve.

DESCRIPTION OF CANISTER PURGE

The carbon canister is purged of fuel vapor during normal vehicle driving. The flow of fuel
vapor to the engine is controlled by the canister purge valve. The canister purge valve is
electronically actuated by the Powertrain Control Module (PCM).

EVAPORATIVE EMISSION COMPONENTS

TYPICAL CANISTER PURGE VALVE

The typical canister purge valve is used to control the purge of stored fuel vapor inside the
carbon canister assembly. The canister purge valve is electronically controlled by the Powertrain
Control Module (PCM). The canister purge valve is a normally closed valve. When the PCM
actuates the canister purge valve, the engine vacuum is applied to the carbon canister(s), and the
desorbed fuel vapor is drawn through the canister purge valve and into the engine for
consumption.

TYPICAL CARBON CANISTER

The carbon canister contains activated carbon for the storage of fuel vapor. The carbon canister
is purged of the stored fuel vapor by the operation of the canister purge valve.

Some vehicles may include an engine buffer canister, which also contains activated carbon for
the storage of fuel vapor. The engine buffer canister is commonly located in series with the
canister purge valve or integrated into the primary canister. The function of the engine buffer
canister is not to control evaporative emissions; rather, it buffers the engine from high
concentrations of fuel vapor during vehicle operation in order to prevent undesired air/fuel ratio
fluctuations. As such, engine buffer canisters need not be loaded with butane/nitrogen mixtures
prior to exhaust or evaporative emissions testing.

Issued: 8/15/2012 3.03.00.00-1 of 3 2013 MY Common Section
Revised: 10/22/2012 Ford Motor Company
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TYPICAL VAPOR BLOCKING VALVE (NON PLUG-IN HYBRID)

The typical vapor blocking valve (VBV) is used to control the purge of stored fuel vapor inside
the fuel tank assembly. The VBV is electronically controlled by the Powertrain Control Module
(PCM). The VBV is a normally open valve. When the PCM actuates the VBV, the valve closes
and the application of engine vacuum to the fuel tank's vapor dome is prevented.

TYPICAL FUEL TANK ISOLATION VALVE (PLUG-IN HYBRID ONLY)

The typical fuel tank isolation valve is used to close the NIRCOS (Non-Integrated Refueling
Canister Only System) pressurized fuel tank in order to contain evaporative emissions. The
FTIV is electronically controlled by the Powertrain Control Module (PCM). The fuel tank
isolation valve is a normally closed valve. When the PCM actuates the FTIV, the valve opens in
order to vent the fuel tank through the carbon canister to enable refueling.

TYPICAL AIR INDUCTION SYSTEM (AIS) HYDROCARBON (HC) ADSORBER

Some vehicles may include an HC adsorber located in the engine AIS to capture fuel vapor from
the intake manifold or crankcase after engine shutdown. The adsorber may contain activated
carbon or other adsorptive material. This component is continuously purged during engine
operation. In compliance with CARB's MAC 2001-03, and since the CFR only requires
preconditioning of evaporative emission canisters, AIS HC adsorbers need not be preconditioned
prior to testing.

TYPICAL FUEL LIMITING VENT VALVE (FLVV)

The FLVV is a three piece assembly consisting of the vent tube, vapor seal (which has an o-ring
on both ends for leak protection), and the "check valve" which consists of a float with a spring
assembly. The fuel limiting vent valve assembly provides two functions: (1) Limits fuel tank fill
volume to the required refill volume, (2) roll-over protect the vent tube path for crash. The valve
during normal vehicle driving is in an upright position.

During a roll-over condition, the FLVV spring closes the float to the vent tube to prevent liquid
fuel from entering the vent.

TYPICAL GRADE VENT VALVE (GVV)

The grade vent valves (GVV) are typically mounted on the front and the rear top of the fuel tank.
They are designed to prevent liquid from the fuel tank from entering the vapor stream, while
allowing the fuel vapor to move through the evaporative emission control system.

The spring and float within each valve shuts off the vapor stream whenever liquid gasoline
reaches the inlet port. The GVV reopens when the attitude of the fuel tank returns to horizontal
and the liquid fuel drains from the area of the GVV. In the vertical position the open bottom
float will lift and close. In the rolled over position the spring will push the float closed whenever
the roll over angle permits liquid gasoline to reach the float. In the upside down position the
weight of the float and the spring force will close the vapor path.

Issued: 8/15/2012 3.03.00.00-2 of 3 2013 MY Common Section
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TYPICAL FILLER PIPE

The filler pipe assembly transfers liquid fuel from the fuel nozzle to the tank and has a "liquid
seal" design. On some ORVR vehicles, a recirculation line connects from the main vapor line
and supplies vapor from the tank to the top of the filler pipe to minimize the amount of fresh air
that 1s drawn into the pipe.

At the top of the filler pipe, a fuel cap is installed, which seals the fuel tank assembly. The fuel
cap includes a vacuum relief valve. Some vehicles also include pressure relief in the fuel cap.
On some vehicles, Ford utilizes a capless refueling system which seals the fuel tank without use
of a fuel cap. Like the fuel cap, the capless refueling system includes vacuum relief capability.

Issued: 8/15/2012 3.03.00.00-3 of 3 2013 MY Common Section
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ALTERNATE DURABILITY PROTOCOL

| Applicability

The following description is applicable to 2013 and subsequent model year passenger cars
and trucks.

Il REPORTING EQUIVALENCY FACTORS

For 2013 durability groups that carryover from previous model year durability programs that
used the Ford High Speed Cycle (HSC or FAMA — Fast Approved Mileage Accumulation)
equivalency factors are reported on a durability group basis.

Please see section 04.00.00.01 for equivalency factors.

Il CALCULATION OF THE EQUIVALENCY FACTOR

Equivalency Factors are calculated according to 40 CFR § 86.1823-08 by collecting catalyst
temperatures on both Ford's High Speed Cycle (HSC or FAMA — Fast Approved Mileage
Accumulation) and the Ford modified length version (to fit Ford service track) of the EPA
SRC cycle as allowed by Appendix V-(2.) of Part 86. Please see Figures 1 & 2, below. Ford
uses a 5-mile track for service accumulation; accordingly the lap references in the SRC
description below use the 5-mile lap. Alternatively, catalyst temperature cycles for
equivalency factor determination may be collected on a chassis dynamometer.

For new, non-carryover, 2010 durability groups that use the EPA SRC cycle for durability,
equivalency factors are not applicable and are not calculated. The EPA SRC cycle used for
durability was modified the length of the lap segment of the SRC to be 2.5 miles, such that it
is able to be run on our 5 mile track. Therefore, two lap segments of the SRC are completed
each for 5 mile circuit of Ford’s track.

Equivalency factors are calculated using the following steps:
Step 1: Record the temperature histogram on the customized/alternative Road Cycle.
Step 2: Calculate the bench aging time for the bench aging cycle using EPA's BAT
calculator (40 CFR § 86.1823-08(d)(3)) and the customized/alternative road cycle
(FAMA) temperature histogram.
Step 3: Record the temperature histogram on EPA's SRC.
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Step 4: Calculate the bench aging time for the bench aging cycle using EPA's BAT
calculator (40 CFR § 86.1823-08(d)(3)) and the SRC temperature histogram.

Step 5: Calculate the equivalency factor which equates the customized/alternative road
cycle bench aging time divided by the SRC bench aging time — The following presents
that calculation.

Equivalency Factor (EF) = Alternative road cycle aging time/SRC aging time

It is the intention of bench aging process to replicate road based catalyst deterioration
experienced on the FAMA cycle by emissions matching and catalyst midbed time-at-
temperature data obtained from catalysts and oxygen sensors. Aging cycle targets from
accelerated fleet data are determined by calculating the hours necessary to achieve
deterioration that reproduces full (or intermediate) useful life fleet average HC and NOx
emissions for any engine/catalyst/HEGO system. Other considerations include catalyst
inefficiency changes and fleet average deterioration rates (DFs).

One can replicate the Ford durability process by running the publicly available Ford
FAMA drive cycle over the full useful life of a vehicle.
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CAP 2000 DURABILITY GROUPING DIVISIONS -- 2013 Model Year

Test Group Program
PD-RH -- DURABILITY GROUPS

PD-BH -- DUBABILITY GROUP 1 (4.0 - 3.0)
DURABILITY GROUP DFMXGPGNND1B
DFMXJ03.7VHJ 3.7L MKT Limo/Hearse

PD-BH -- DUBABILITY GROUP 2 (2.9 -22)
DURABILITY GROUP DFMXGPGNND2A
DFMXV02.0VZ2 2.0 Focus

PD-RH -- DURABILITY GROUP 4 (15-1.1)
DURABILITY GROUP DFMXGPGNND4B
DFMXV01.6VDB 1.6L  Fiesta
DURABILITY GROUP DEMXGPGNND4C
DFMXV05.8VE2 5.8L  Mustang Shelby
DURABILITY GROUP DFMXGPGNND4D
DFMXT02.01DW 2.0 Transit Connect

PD-BH -- DURABILITY GROUP 5 (1.0 -0.8)
DURABILITY GROUP DFMXGPGNND5SA

DFEMXT06.24D2 6.2L  F-150 SVT Raptor/Harley
DURABILITY GROUP DFMXGPGNND5B
DFMXV05.0VD5 5.0L  Mustang
ADP Vehicle
DURABILITY GROUP DFMXGPGNNDS5C
DEMXV03.7VDT 3.7L  Mustang
DURABILITY GROUP DFMXGPGNND5D
DFMXV02.5VEX 25L  Fusion
DURABILITY GROUP DEMXGPGNNDSE
DEMXT02.52ET 2.5 Escape
DURABILITY GROUP DFMXGPGNND5G
DFMXT06.85HT 6.8L  Econoline

PD-RH -- DUBABILITY GROUP 6 (0.7 - 0.5)
DURABILITY GROUP DFMXGPGNND6A
DFMXT03.72EE 3.7L  Edge/MKX

PD-RH -- DURABILITY GROUP 7 (3.4 - 2.8) Direct Injection
DURABILITY GROUP DFMXGPGNND7A
DFMXV01.6VZF 1.6 Fusion GTDI PZEV

PD-BH -- DUBABILITY GROUP 8 (1.7 - 1.3) Direct Injection
DURABILITY GROUP DFMXGPGNND8A

DEMXV02.0VES 2.0L  MKT Livery GTDI
DURABILITY GROUP DFMXGPGNND8B
DEMXT02.02EC 2.0L  Explorer/Edge/MKX GTDI
DURABILITY GROUP DFMXGPGNND8D
DEMXV02.0VEY 2.0L  Fusion/MKZ GTDI
DURABILITY GROUP DFMXGPGNNDSE
DEMXT02.02E1 2.0L  Escape GTDI
DURABILITY GROUP DFMXGPGNND8F
DEMXT03.53E2 3.5L  Explorer/Explorer Police GTDI
DURABILITY GROUP DFMXGPGNND8G
DEMXV03.5VEP 3.5 Taurus/MKS/Flex/MKT
DURABILITY GROUP DFMXGPGNND8H
DFMXT01.62E9 1.6L  Escape T2B4 GTDI
DFMXV01.6VDF 1.6L  Fusion GTDI

ADP Vehicle
DURABILITY GROUP DFMXGPGNND8I
DEMXT02.02EX 2.0L  Explorer/Edge/MKX GTDI
DFMXT02.02EX 2.0L  Explorer/Edge/MKX GTDI

ADP Vehicle

Issue Date:10/12/2009
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Equivalency
Standard Factor*
1.0
T2B8(LEV2)
1.0
T2B3(SULEV?2)
1.0
T2B4(ULEV2q)
1.0
T2B5(LEV2)
1.7
T2B4(ULEV2q)
2.3
T2B4(ULEV2q)
1.0
T2B4(ULEV2q)
T2B4(LEV2)
1.0
T2B4(ULEV2q)
1.0
T2B5(ULEV2)
1.0
T2B5(ULEV2)
2.5
T2B8(ULEV2q)
1.0
T2B5(ULEV2)
1.0
T2B3(SULEV?2)
1.0
T2B5(ULEV?2)
1.0
T2B5(ULEV2)
1.0
T2B5(ULEV2)
1.0
T2B5(ULEV2)
1.0
T2B5(ULEV2)
1.0
T2B5(ULEV2)
1.0
T2B4(ULEV2q)
T2B4(ULEV2q)
T2B4(ULEV2q)
1.0
T2B5(ULEV2)
T2B5(ULEV2)
T2B5(ULEV2)
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CAP 2000 DURABILITY GROUPING DIVISIONS -- 2013 Model Year

Test Group Program
PD-BH -- DUBABILITY GROUP 9 (1.2 - 0.9) Direct Injection

DURABILITY GROUP DFMXGPGNNDSA
DEMXV02.0VER 2.0 Focus ST GTDI

DURABILITY GROUP DEMXGPGNND9B
DFEMXT03.54DX 3.5L F150

FFV PD-RH -- DURABILITY GROUPS

FEV PD-BH -- DURABILITY GROUP 1 (2.0-1.5)
DURABILITY GROUP DFMXGPGEND1A

Equivalency

Standard Factor*

1.0

T2B4(ULEV2q)

T2B4(ULEV2q)

DFEMXT05.44BC 5.4L 3V Expedition/Navigator FFV
DFEMXT05.45BR 5.4L 3V Expedition/Navigator LIMO FFV
ADP Vehicle

FFV PD-RH - DUBABILITY GROUP 2 (1.4-1.0)
DURABILITY GROUP DEMXGPGEND2A

DURABILITY GROUP DFMXGPGEND2B
DFMXT04.65H9 4.6L. 2V Econoline FFV
DURABILITY GROUP DFMXGPGEND2C
DFMXT05.45HK 5.4L 2V Econoline FFV
DFMXT05.45HL 5.4L 2V Econoline Ambulance
ADP Vehicle
DURABILITY GROUP DFMXGPGEND2E
CFMXT05.03D7 50L F150 FFV

FFV PD-BH -- DURABILITY GROUP 3 (0.9-0.7)

DURABILITY GROUP DFMXGPGEND3A
DFEMXT06.27HL 6.2l  F-Series Super Duty FFV

FEV PD-BH -- DURABILITY GROUP 4 (0.6-04)
DURABILITY GROUP DEMXGPGENDA4A

DFMXT05.44HY 5.4L 3V Expedition/Navigator FFV

DURABILITY GROUP DFMXGPGEND48B

DEMXV03.7VES 3.7L MKS/MKZ/MKT Livery

DFMXT03.53E8 3.5L  Explorer

DFMXV03.5VEA 3.5L  Taurus Police FFV

DFEMXT03.73DM 3.7L  Explorer/Explorer Police FFV
ADP Vehicle

DURABILITY GROUP DFMXGPGEND4C

DEMXV02.0VD2 2.0 Focus FFV

DURABILITY GROUP DFMXGPGEND4D

DFMXV02.0VE3 2.0  Focus FFV
HEV PD-RH -- DURABILITY GROUPS

HEV PD-BRH -- DURABILITY GROUP 1 (4.8-3.6)

DURABILITY GROUP DFMXHHGNND1A
DEMXV02.0VZL 2.0L  Fusion/C-Max FHEV

DURABILITY GROUP DEMXHHGNND1B
DEMXV02.0vVZP 2.0L  Fusion/C-Max PHEV

DIESEL PT-PD -- DURABILITY GROUPS

DIESEL PT-PD -- DURABILITY GROUP 1 (3.0-2.3)
DURABILITY GROUP DFMXDPDNNF1A

DFMXD086.771C 8.7L  F-Series Super Duty >10K Diesel

DF Vehicle

Issue Date:10/12/2009

Revised: 3/18/2013 04.00.00.01 -2 0f 3

T2B4(ULEV2q)
T2B8(ULEV2q)
T2B8(ULEV2q)

1.0

2.3
T2BS(ULEV2q)

2.3
T2B8(ULEV2q)
T2B8(ULEV2q)
T2BS(ULEV2q)

1.0
T2B4(ULEV2q) 1

1.0
T2BS(ULEV2q)

2.3

T2BS

1.0
T2B5(ULEV2)
T2B5(ULEV2)
T2B5(ULEV2)
T2B5(ULEV2)
T2B5(ULEV2)

1.0
T2B4(ULEV2q)

T2B5(ULEV)

T2B3(SULEV2)

T2B3(SULEV2)

chHDDsFIN-(0.4)/ULEV2

chHDDsFIN-(0.4)/ULEV2
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CAP 2000 DURABILITY GROUPING DIVISIONS -- 2013 Model Year Equivalency

Test Group Program Standard Factor*
DURABILITY GROUP DFMXDPDNNF1B 1.0
DFMXD06.761A 6.7L  F-Series Super Duty <10K Diesel chHDDsFIN-(0.2)/ULEV2
DF Vehicle chHDDsFIN-(0.2)/ULEV2

ELECTRIC VEHICLE -- DURABILITY GROUPS
Eletiia NARDURRBIITNGROUBY. 0 e

Electric NA -- DURABILITY GROUP 1
DURABILITY GROUP DFMXEEVNN?1A 1.0
DEMXV00.0VAE TBD KW Focus - BEV T2B1(ZEV)

*Eduivalency Factor values calculated in accordance with 40 CFR 1823-08 as ammended in the 11/09/2009 Direc
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Introduction — OBD-l, OBD-II, HD OBD and EMD

OBD-I Systems

OBD-| vehicles use the same PCM, CAN serial data communication link, J1962 Data Link Connector, and PCM
software as the corresponding OBD-Il vehicle. The only difference is the possible removal of the rear oxygen
sensor(s), fuel tank pressure sensor, canister vent solenoid, and a different PCM calibration. Starting in the 2006
MY, all Federal vehicles from 8,500 to 14,000 Ibs. GVWVR will have been phased into OBD-ll and OBD-| systems
will no longer be utilized in vehicles up to 14,000 lbs GVWR.

OBD-ll Systems

On Board Diagnostics Il - Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles and Engines
certified under title 13, CCR section 1968.2

California OBD-Il applies to all California and "CAA Sec. 177 States" for gasoline engine vehicles up to 14,000 Ibs.
Gross Vehicle Weight Rating (GVWWR) starting in the 1996 MY and all diesel engine vehicles up to 14,000 Ibs.
GVWR starting in the 1997 MY.

"CAA Sec. 177 States" or "California States" are states that have adopted and placed into effect the California Air
Resources Board (CARB) regulations for a vehicle class or classes in accordance with Section 177 of the Clean
Air Act.. At this time, “CAA Sec. 177 States" are Massachusetts, New York, Vermont and Maine for 2004, Rhode
Island, Connecticut, Pennsylvania for 2008, New Jersey, Washington, Oregon for 2009, Maryland for 2011,
Delaware for 2014 and New Mexico for 2016. These States receive California-certified vehicles for passenger cars
and light trucks, and medium-duty vehicles, up to 14,000 Ibs. GVWR."

Federal OBD applies to all gasoline engine vehicles up to 8,500 Ibs. GVWR starting in the 1996 MY and all diesel
engine vehicles up to 8,500 Ibs. GVWR starting in the 1997 MY. US Federal only OBD-certified vehicles may use
the US Federal allowance to certify to California OBD |l but then turn off/disable 0.020" evap leak detection).

Starting in the 2004 MY, Federal vehicle over 8,500 Ibs. are required to phase in OBD-II. Starting in 2004 MY,
gasoline-fueled Medium Duty Passenger Vehicles (MDPVs) are required to have OBD-ll. By the 2006 MY, all
Federal vehicles from 8,500 to 14,000 Ibs. GVWVR will have been phased into CBD-II.

OBD-ll system implementation and operation is described in the remainder of this document.

Heavy Duty OBD Systems

Heavy Duty On-Board Diagnostics - Heavy-duty engines (>14,000 GVWR) certified to HD OBD under title
13, CCR section 1971.1(d}(7.1.1) or (7.2.2) (i.e., 2010 and beyond model year diesel and gasoline engines
that are subject to full HD OBD)

Starting in the 2010 MY, California and Federal gasoline-fueled and diesel fueled on-road heavy duty engines used
in vehicles over 14,000 Ibs. GVWR are required to phase into HD OBD. The phase-in starts with certifying one
engine family to HD OBD in the 2010 MY. (2010 MY 6.8L 3V Econoline) By the 2013 MY, all engine families must
certify to the HD OBD requirements. Vehicles/engines that do not comply with HD OBD during the phase-in period
must comply with EMD+.
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EMD Systems

Engine Manufacturer Diagnostics (EMD) ~ Heavy duty vehicles (>14,000 GVWR) certified to EMD under
title 13, CCR section 1971 (e.g., 2007-2009 model year diesel and gasoline engines)

Engine Manufacturer Diagnostics (EMD) applies to all 2007 MY and beyond California gasoline-fueled and diesel
fueled on-road heavy duty engines used in vehicles over 14,000 Ibs Gross Vehicle Weight Rating (GVWR). EMD
systems are required to functionally monitor the fuel delivery system, exhaust gas recirculation system, particulate
matter trap, as well as emission related ECM input inputs for circuit continuity and rationality, and emission-related
outputs for circuit continuity and functionality. For gasoline engines, which have no PM trap, EMD requirements are
very similar to current OBD-1 system requirements. As such, OBD-1 system philosophy will be employed, the only
change being the addition of some comprehensive component monitor (CCM) rationality and functionality checks.

Engine Manufacturer Diagnostics Enhanced (EMD+) - Heavy-duty engines (>14,000 GVWR) certified to
EMD+ under title 13, CCR section 1971.1 (e.g., 2010-2012 model year diesel and gasoline engines not
certified to HD OBD, 2013-2019 model year alternate fuel engines)

Starting in the 2010 MY, EMD was updated to require functional monitoring of the NOx aftertreatment system on
gasoline engines. This requirement is commonly known as EMD+.

EMD+ vehicles use that same PCM, CAN serial data communication link, J1962 Data Link Connector, and PCM
software as the corresponding OBD-Il vehicle. The only difference is the possible removal of the fuel tank pressure
sensor, canister vent solenoid, and a different PCM calibration.

The following list indicates what monitors and functions have been altered from OBD-ll for EMD calibrations:

Monitor / Feature Calibration
Catalyst Monitor Functional catalyst monitor required starting in the 2010 MY to meet EMD+.
Misfire Monitor Calibrated in for service, all DTCs are non-MIL. Catalyst damage misfire criteria

calibrated out, emission threshold criteria set to 4%, enabled between 150 °F and 220
°F, 254 sec start-up delay.

Oxygen Sensor Monitor | Front O2 sensor "lack of switching" tests and all circuit and heater tests calibrated in,
response/delay test calibrated out.

Rear O2 sensor functional tests and all circuit and heater tests calibrated in,
response/delay test calibrated out.

EGR/NVVT Monitor Same as OBD-ll calibration except that P0402 test uses slightly higher threshold.
Fuel System Monitor Fuel monitor and FAOSC monitor (rear fuel trim for UEGO systems) same as OBD-l|
calibration, A/F imbalance monitor calibrated out.

Secondary Air Monitor Not applicable, AIR not used.

Evap System Monitor Evap system leak check calibrated out, fuel level input circuit checks retained as non-
MIL. Fuel tank pressure sensor and canister vent solenoid may be deleted.

PCV Monitor Same hardware and function as OBD-Il.

Thermostat Monitor Thermostat monitor calibrated out.

Comprehensive All circuit checks, rationality and functional tests same as OBD-Il.

Component Monitor

Communication Same as OBD-i, all generic and enhanced scan tool modes work the same as OBD-ll

Protocol and DLC but reflect the EMD calibration that contains fewer supported monitors. "OBD
Supported” PID indicates EMD ($11).

MIL Control Same as OBD-l, it takes 2 driving cycles to illuminate the MIL.

EMD system implementation and operation is a subset of OBD-1l and is described in the remainder of this
document.
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Catalyst Efficiency Monitor

The Catalyst Efficiency Monitor uses an oxygen sensor after the catalyst to infer the hydrocarbon efficiency based
on oxygen storage capacity of the ceria and precious metals in the washcoat. Under normal, closed-loop fuel
conditions, high efficiency catalysts have significant oxygen storage. This makes the switching frequency of the
rear HO2S very slow and reduces the amplitude of those. As catalyst efficiency deteriorates due to thermal and/or
chemical deterioration, its ability to store oxygen declines and the post-catalyst HO2S signal begins to switch more
rapidly with increasing amplitude. The predominant failure mode for high mileage catalysts is chemical
deterioration (phosphorus deposition on the front brick of the catalyst), not thermal deterioration.

index Ratio Method Using a Switching HO2S Sensor

In order to assess catalyst oxygen storage, the catalyst monitor counts front HO2S switches during part-throttle,
closed-loop fuel conditions after the engine is warmed-up and inferred catalyst temperature is within limits. Front
switches are accumulated in up to three different air mass regions or cells. While catalyst monitoring entry
conditions are being met, the front and rear HO2S signal lengths are continually being calculated. When the
required number of front switches has accumulated in each cell (air mass region), the total signal length of the rear
HO2S is divided by the total signal length of front HO2S to compute a catalyst index ratio. An index ratio near 0.0
indicates high oxygen storage capacity, hence high HC efficiency. An index ratio near 1.0 indicates low oxygen
storage capacity, hence low HC efficiency. If the actual index ratio exceeds the threshold index ratio, the catalyst is
considered failed.

If the catalyst monitor does not complete during a particular driving cycle, the already-accumulated switch/signal-
length data is retained in Keep Alive Memory and is used during the next driving cycle to allow the catalyst monitor
a better opportunity to complete, even under short or transient driving conditions.

If the catalyst monitor runs to completion during a driving cycle, it will be allowed to run again and collect another
set of data during the same driving cycle. This would allow the catalyst monitor o complete up to a maximum of
two times per driving cycle, however, the in-use performance ratioc numerator for the catalyst monitor will only be
allowed to increment once per driving cycle. For example, if the catalyst monitor completes twice during the current
driving cycle, the catalyst monitor in-use performance numerator will be incremented once during the current
driving cycle and will incremented again for the second completion on the following driving cycle, after the catalyst
monitor entry condition have been met.

index Ratio Method Using a Wide Range HO2S Sensor (UEGO)

The switching HO2S control system compares the HO2S signals before and after the catalyst to assess catalyst
oxygen storage. The front HO2S signal from UEGO control system is used to control to a target A/F ratio and does
not have "switches" As a result, a new method of catalyst monitor is utilized.

The UEGO catalyst monitor is an active/intrusive monitor. The monitor performs a calibratable 10-20 second test
during steady state rpm, load and engine air mass operating conditions at normal vehicle speeds. During the test,
the fuel control system remains in closed loop, UEGO control with fixed system gains. In order to assess catalyst
oxygen storage, the UEGO catalyst monitor is enabled during part-throttle, closed-loop fuel conditions after the
engine is warmed-up and inferred catalyst temperature is within limits. While the catalyst monitoring entry
conditions are being met, the rear HO2S signal length is continually being calculated. When the required total
calibrated time has been accumulated, the total voltage signal length of the rear HO2S is divided by a calibrated
threshold rear HOZS signal length to compute a catalyst index ratic. The threshold rear HO2S signal is calibrated
as a function of air mass using a with a catalyst with no precious metal. This catalyst defines the worst case signal
length because it has no oxygen storage. If the monitored catalyst has sufficient oxygen storage, little activity is
observed on the rear HO2S voltage signal. An index ratio near 0.0 indicates high oxygen storage capacity, hence
high HC/NOx efficiency. As catalyst oxygen storage degrades, the rear HO2S voltage signal activity increases. An
index ratio near, 1.0 indicates low oxygen storage capacity, hence low HC/NOx efficiency. If the actual index ratio
exceeds the calibrated threshold ratio, the catalyst is considered failed.
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Integrated Air/Fuel Method

The Integrated Air/Fuel Catalyst Monitor assesses the oxygen storage capacity of a catalyst after a fuel cut event.
The monitor integrates how much excess fuel is needed to drive the monitored catalyst to a rich condition starting
from an oxygen-saturated, lean condition. Therefore, the monitor is a measure of how much fuel is required to
force catalyst breakthrough from lean to rich. To accomplish this, the monitor runs during fuel reactivation following
a Decel Fuel Shut Off (DFSO) event. The monitor completes after a calibrated number of DFSC monitoring events
have occurred. The IAF catalyst monitor can be used with either a wide range O2 sensor (UEGO) or a
conventional switching sensor (HEGO).

Functionally, the equation is:

TAF — I[ Fuel needed for stoich

: — Fuel needed for stoich
Fuel Measured - - T

where the units are in pounds mass of fuel.

The monitor runs during reactivation fueling following an injector cut. The diagram below shows examples of one
DFSO event with a threshold catalyst and with a Full Useful Life catalyst where:

o INJON = # of injectors on.

o CMS is the catalyst monitor sensor voltage. When the rear O2 sensor crosses 0.45 volis (i.e. rich) the
monitor will complete for the given DFSO event.

o LAM (LAMBDA,) is the front O2 sensor (UEGO) signal.
o CATMN_IAF_SUM is the integral from the equations above (Y axis on the right).

Threshold Catalyst - |AF Catalyst Monitor Integration CATMN_IAF_SUM

Voltage / INJON
Fuel (ibm)

0 02 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Time (sec)

In this example, CATMN_IAF_SUM is small because it doesn't take much fuel to break though a low oxygen
storage threshold catalyst.
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Full Useful Life Catalyst - 1AF Catalyst Monitor integration CATMN_IAF_SUM

Voltage / INJON
Fuel (lbmj

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time {(sec)

In this example, CATMN_IAF_SUM is much larger because it takes a substantial amount of fuel to break though a
high oxygen storage threshold catalyst.

There are two sets of entry conditions into the |AF catalyst monitor. The high level entry conditions determine that
the monitor would like to run following the next injector fuel cut event. The lower level entry conditions determine
that the fuel cut-off event was suitable for monitoring and the monitor will run as soon as the injectors come back
on.
1. The high level entry conditions are met when:

o There are no senor/hardware faults

o The base monitor entry conditions have been met (ECT, IAT, cat temp, fuel level, air mass)

o Required number of DFSO monitoring event have not yet completed
2. The lower level entry conditions are met when:

o The injectors are off

o The catalyst is believed to be saturated with oxygen (rear O2 indicates lean)

o The catalyst/rear O2 has been rich at least once since the last monitor event.
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General Catalyst Monitor Operation

Rear HO2S sensors can be located in various ways to monitor different kinds of exhaust systems. In-line engines
and many V-engines are monitored by individual bank. A rear HO2S sensor is used along with the front, fuel-
control HO2S sensor for each bank. Two sensors are used on an in-line engine; four sensors are used on a V-
engine. Some V-engines have exhaust banks that combine into a single underbody catalyst. These systems are
referred to as Y-pipe systems. They use only one rear HO2S sensor along with the two front, fuel-control HO2S
sensors. Y-pipe system use three sensors in all. For Y-pipe systems which utilize switching front O2 sensors, the
two front HO2S sensor signals are combined by the software to infer what the HO2S signal would have been in
front of the monitored catalyst. The inferred front HO2S signal and the actual single, rear HO2S signal is then used
to calculate the switch ratio.

Many vehicles monitor less than 100% of the catalyst volume - often the first catalyst brick of the catalyst system.
Partial volume monitoring is done on LEV-Il vehicles in order to meet the 1.75 * emission-standard threshold for
NMHC and NOx. The rationale for this practice is that the catalysts nearest the engine deteriorate first, allowing the
catalyst monitor to be more sensitive and illuminate the MIL properly at lower emission standards.

Many applications that utilize partial-volume monitoring place the rear HO2S sensor after the first light-off catalyst
can or, after the second catalyst can in a three-can per bank system. (A few applications placed the HO2S in the
middle of the catalyst can, between the first and second bricks.)

The new Integrated Air/Fuel Catalyst Monitor can be used to monitor the entire catalyst volume, even on LEV-I|
vehicles.

Index ratios for ethanol (Flex fuel) vehicles vary based on the changing concentration of alcohol in the fuel. The
malfunction threshold typically increases as the percent alcohol increases. For example, a malfunction threshold of
0.5 may be used at E10 (10% ethanol) and 0.9 may be used at E85 (85% ethanol). The malfunction thresholds are
therefore adjusted based on the % alcohol in the fuel. (Note: Normal gasoline is allowed to contain up to 10%
ethanol (E10)).

Vehicles with the Index Ratio Method Using a Switching HO2S Sensor employ an Exponentially Weighted Moving
Average (EWMA) algorithm to improve the robustness of the catalyst monitor. During normal customer driving, a
malfunction will illuminate the MIL, on average, in 3 to 6 driving cycles. If KAM is reset (battery disconnected) or
DTCs are cleared, a malfunction will illuminate the MIL in 2 driving cycles. See the section on EWMA for additional
information.

Vehicles with the Index Ratioc Method Using a Wide Range HO2S Sensor (UEGO) or the Integrated Air/Fuel
catalyst monitor employ an improved version of the EWMA algorithm.

The EWMA logic incorporates several important CARB requirements. These are:

e Fast Initial Response (FIR): The first 4 tests after a battery disconnect or code clear will
process unfiltered data to quickly indicate a fault. The FIR will use a 2-trip MIL. This will help
the service technician determine that a fault has been fixed.

¢ Step-change Logic (SCL): The logic will detect an abrupt change from a no-fault condition to
a fault condition. The SCL will be active after the 4" catalyst monitor cycle and will also use a
2-trip MIL. This will illuminate the MIL when a fault is instantaneously induced.

e Normal EWMA (NORM): This is the normal mode of operation and uses an Exponentially
Weighted Moving Average (EWMA,) to filter the catalyst monitor test data. It is employed after

the 4" catalyst test and will illuminate a MIL during the drive cycle where the EWMA value
exceeds the fault threshold. (1 trip MIL).
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Starting in the 2010 %2 Model Year and later, the catalyst monitor will employ catalyst break-in logic. This logic will
prevent the catalyst monitor from running until after a catalyst break-in period.

The catalyst monitor will not run on a new vehicle from the assembly plant until 60 minutes of time above a catalyst
temperature (typically 800 to 1100 deg F) has been accumulated or 300 miles has elapsed.

New modules at the assembly plant will have an NVRAM flag initialized to delay the catalyst monitor. Service
modules and re-flash software will have the flag set to allow that catalyst monitor to run. The flag cannot be reset to
delay the catalyst monitor from running by any tool or service procedure.
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Index Ratio Catalyst Monitor
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Integrated Air Fuel Catalyst Monitor
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CATALYST MONITOR OPERATION:

DTCs P0420 Bank 1 (or Y-pipe), P0430 Bank 2

Monitor execution once per driving cycle

Monitor Sequence HO2S response test complete and no DTCs (P0133/P0153) prior to calculating
switch ratio, no SAIR pump stuck on DTCs (P0412/P1414), no evap leak check
DTCs (P0442/P0456), no EGR stuck open DTCs (P0402)

Sensors OK ECT, IAT, TP, VSS, CKP, MAF, no misfire DTCs (P0300, P0310), no ignition

coil DTCs (P0351-P0358), no fuel monitor DTCs (P0171, P0172, P0174.
P0175), no VCT DTCs (PO010-P0017, PO52A, P052B, P0344, P0365, P0369-
bank1) (P0018 thru P0025,P052C, P052D, P0349, P0390, P0394- bank2 ).no
evap system DTCs (P0443, P0446, P0455, P0457, P1450), no ETC system
DTCs (P0122, P0123, P0222, P0223, P02135) (P2101, P2107, P2111, P2112)
(P0B00, POB0A, P0B0B, POBOC, P061B, P061C, P061D, P1674, U0300).

Monitoring Duration Approximately 700 seconds during appropriate FTP conditions (approximately

100 to 200 oxygen sensor switches are collected) for switching O2 control
Sensors

Approximately 10 to 20 seconds for wide range O2 index ratio monitor.

3 Decel Fuel Cutoff events for IAF catalyst monitor

TYPICAL SWITCHING 02 SENSOR INDEX RATIO CATALYST MONITOR ENTRY CONDITIONS:

Entry condition Minimum Maximum

Time since engine start-up (70 °F start) 330 seconds

Engine Coolant Temp 170 °F 230 °F

Intake Air Temp 20 °F 180 °F

Time since entering closed loop fuel 30 sec

Inferred Rear HO2S sensor Temperature 900 °F

EGR flow (Note: an EGR fault disables EGR) 1% 12%

Throttle Position Part Throttle | Part Throttle

Rate of Change of Throttle Position 0.2 volts / 0.050 s

Vehicle Speed 5 mph 70 mph

Fuel Level 15%

First Air Mass Cell 1.0 Ib/min 2.0 Ib/min
Engine RPM for first air mass cell 1,000 rpm 1,300 rpm
Engine Load for first air mass cell 15% 35%
Monitored catalyst mid-bed temp. (inferred) for first air mass cell 850 °F 1,200 °F
Number of front O2 switches required for first air mass cell 50

Second Air Mass Cell 2.0 Ib/min 3.0 Ib/min
Engine RPM for second air mass cell 1,200 rpm 1,500 rpm
Engine Load for second air mass cell 20% 35%
Monitored catalyst mid-bed temp. (inferred) for second air mass cell | 900 °F 1,250 °F
Number of front O2 switches required for second air mass cell 70
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Third Air Mass Cell 3.0 Ib/min 4.0 Ib/min
Engine RPM for third air mass cell 1,300 rpm 1,600 rpm
Engine Load for third air mass cell 20% 40%
Monitored catalyst mid-bed temp. (inferred) for third air mass cell 950 °F 1,300 °F
Number of front O2 switches required for third air mass cell 30

of the engine, transmission and axle gearing and tire size.)

(Note: Engine rpm and load values for each air mass cell can vary as a function of the power-to-weight ratio

TYPICAL WIDE RANGE O2 SENSOR INDEX RATIO CATALYST MONITOR ENTRY CONDITIONS:

Entry condition Minimum Maximum
Time since engine start-up (70 °F start) 330 seconds

Engine Coolant Temp 170 °F 230 °F
Intake Air Temp 20 °F 180 °F
Time since entering closed loop fuel 30 sec

Inferred Rear HO2S sensor Temperature 900 °F

EGR flow (Note: an EGR fault disables EGR) 1% 12%
Throttle Position Part Throttle | Part Throttle
Rate of Change of Throttle Position 0.2 volts / 0.050 s
Vehicle Speed 20 mph 80 mph
Fuel Level 15%

Air Mass 2.0 Ib/min 5.0 Ib/min
Engine RPM 1,000 rpm 2,000 rpm
Engine Load 20% 60%
Monitored catalyst mid-bed temp. (inferred) for first air mass cell 850 °F 1,200 °F

engine, transmission and axle gearing and tire size.)

(Note: Engine rpm, load and air mass values can vary as a function of the power-to-weight ratio of the
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TYPICAL IAF CATALYST MONITOR ENTRY CONDITIONS:

Entry condition Minimum Maximum
Engine Coolant Temp 160 °F 230 °F
Intake Air Temp 20 °F 140 °F
Inferred catalyst mid-bed temperature 900 °F 1500 °F
Fuel Level 15%

Air Mass 2.0 Ib/min
Minimum inferred rear O2 sensor temperature 800 °F

Fuel monitor learned within limits 97% 103%
Rear O2 sensor rich since last monitor attempt 0.45 volts

Rear O2 sensor lean with injectors off (voltage needed to enter monitor) 0.1 volts
Rear O2 sensor reads rich after fuel turned back on (voltage needed to | 0.45 volts

complete monitor)

TYPICAL MALFUNCTION THRESHOLDS:

Catalyst monitor index ratio > 0.75 (bank monitor)
Catalyst monitor index-ratio > 0.60 (Y-pipe monitor)

Catalyst monitor index ratio > 0.50 for E10 to > 0.90 for E85 (flex fuel vehicles)

Mode $06 reporting for IAF Catalyst Monitor

The catalyst monitor results are converted to a ratio for Mode $06 reporting to keep the same look and feel for the
service technician. The equation for calculating the Mode $06 monitor result is:

1 — (Actual reactivation fuel/ Good catalyst reactivation fuef)

Good catalyst reactivation fuel is intended to represent what the monitor would measure for a green catalyst.

J1979 CATALYST MONITOR MODE $06 DATA

Monitor ID | TestID Description
$21 $80 Bank 1 index-ratio and max. limit (P0420/P0430) unitless
$22 $80 Bank 2 index-ratio and max. limit (P0420/P0430) unitless

** NOTE: In this document, a monitor or sensor is considered OK if there are no DTCs stored for that component
or system at the time the monitor is running.
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Misfire Monitor

There are two different misfire monitoring technologies used in the 2009 MY. They are Low Data Rate (LDR), and
High Data Rate (HDR). The LDR system is capable of meeting the FTP monitoring requirements on most
engines and is capable of meeting “full-range” misfire monitoring requirements on 4-cylinder engines. The HDR
system is capable of meeting “full-range” misfire monitoring requirements on 6 and 8 cylinder engines. All
software allows for detection of any misfires that occur 6 engine revolutions after initially cranking the engine. This
meets the OBD-ll requirement to identify misfires within 2 engine revolutions after exceeding the warm drive, idle
rpm.

Low Data Rate System

The LDR Misfire Monitor uses a low-data-rate crankshaft position signal, (i.e. one position reference signal at 10
deg BTDC for each cylinder event). The PCM calculates crankshaft rotational velocity for each cylinder from this
crankshaft position signal. The acceleration for each cylinder can then be calculated using successive velocity
values. The changes in overall engine rpm are removed by subtracting the median engine acceleration over a
complete engine cycle. The crankshaft acceleration is then processed by two algorithms. The first is optimized for
detection of sporadic and single cylinder patterns of misfire; the second is optimized for multi-cylinder pattems. The
resulting deviant cylinder acceleration values are used in evaluating misfire in the “General Misfire Algorithm
Processing” section below.

High Data Rate System

The High Data Rate (HDR) Misfire Monitor uses a high data rate crankshaft position signal, (i.e. 18 position
references per crankshaft revolution). This high-resolution signal is processed using two different algorithms. The
first algorithm is optimized to detect “hard” misfires, i.e. one or more continuously misfiring cylinders. The low pass
filter filters the high-resolution crankshaft velocity signal to remove some of the crankshaft torsional vibrations that
degrade signal to noise. Two low pass filters are used to enhance detection capability — a "base” filter and a more
aggressive filter to enhance single-cylinder capability at higher rpm. This significantly improves detection capability
for continuous misfires on single cylinders up to redline. The second algorithm, called pattern cancellation, is
optimized to detect low rates of misfire. The algorithm learns the normal pattern of cylinder accelerations from the
mostly good firing events and is then able to accurately detect deviations from that pattern. Both the hard misfire
algorithm and the pattern cancellation algorithm produce a deviant cylinder acceleration value, which is used in
evaluating misfire in the “General Misfire Algorithm Processing” section below.

Due to the high data processing requirements, the HDR algorithm may be implemented by the PCM in a separate
chip. The chip performs the HDR algorithm calculations and sends the deviant cylinder acceleration values to the
PCM microprocessor for additional processing as described below. The chip requires proper operation of the crank
and cam sensor inputs. A P1336 will be set if the chip detects noise on the crank sensor input, or if the chip is
unable to synchronize with the missing tooth location.. A P1336 points noise present on the crank sensor input or a
lack of synchronization between the cam and crank sensors.
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Low Data Rate and High Data Rate Systems
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Generic Misfire Algorithm Processing

The acceleration that a piston undergoes during a normal firing event is directly related to the amount of torque that
cylinder produces. The calculated piston/cylinder acceleration value(s) are compared to a misfire threshold that is
continuously adjusted based on inferred engine torque. Deviant accelerations exceeding the threshold are
conditionally labeled as misfires. A threshold multiplier is used during startup CSER to compensate the thresholds
for the reduction in signal amplitude during spark retard conditions.

The calculated deviant acceleration value(s) are also evaluated for noise. Normally, misfire results in a non-
symmetrical loss of cylinder acceleration. Mechanical noise, such as rough roads or high rpm/ight load conditions,
will produce symmetrical, positive acceleration variations. A noise limit is calculated by applying a negative
multiplier to the misfire threshold. If the noise limit is exceeded, a noisy signal condition is inferred and the misfire
monitor is suspended for a brief interval. Noise-free deviant acceleration exceeding a given threshold is labeled a
misfire.

The number of misfires is counted over a continuous 200 revolution and 1000 revolution period. (The revolution
counters are not reset if the misfire monitor is temporarily disabled such as for negative torque mode, etc.) At the
end of the evaluation period, the total misfire rate and the misfire rate for each individual cylinder is computed. The
misfire rate evaluated every 200 revolution period (Type A) and compared to a threshold value obtained from an
engine speed/load table. This misfire threshold is designed to prevent damage to the catalyst due to sustained
excessive temperature (1650°F for PYPd/Rh advanced washcoat and 1800°F for Pd-only high tech washcoat). If
the misfire threshold is exceeded and the catalyst temperature model calculates a catalyst mid-bed temperature
that exceeds the catalyst damage threshold, the MIL blinks at a 1 Hz rate while the misfire is present. If the misfire
occurs again on a subsequent driving cycle, the MIL is illuminated.

If a single cylinder is determined to be consistently misfiring in excess of the catalyst damage criteria, the fuel
injector to that cylinder will be shut off for 30 seconds to prevent catalyst damage. Up to two cylinders may be
disabled at the same time on 6 and 8 cylinder engines and one cylinder is disabled on 4 cylinder engines. This fuel
shut-off feature is used on all engines starting in the 2005 MY. After 30 seconds, the injector is re-enabled. If
misfire on that cylinder is again detected after 200 revs (about 5 to 10 seconds), the fuel injector will be shut off
again and the process will repeat until the misfire is no longer present. Note that ignition coil primary circuit failures
(see CCM section) will trigger the same type of fuel injector disablement.

The misfire rate is also evaluated every 1000 rev period and compared to a single (Type B) threshold value to
indicate an emission-threshold malfunction, which can be either a single 1000 rev exceedence from startup or four
subsequent 1000 rev exceedences on a drive cycle after start-up. Some vehicles will set a P0316 DTC if the Type
B malfunction threshold is exceeded during the first 1,000 revs after engine startup. This DTC is nomally stored in
addition to the normal P03xx DTC that indicates the misfiring cylinder(s). If misfire is detected but cannot be
attributed to a specific cylinder, a PO300 is stored. This may occur on some vehicles at higher engine speeds, for
example, above 3,500 rpm.

Rough Road Detection

The Misfire Monitor includes a Rough Road Detection (RRD) system to eliminate false misfire indications due to
rough road conditions. The RRD system uses data from ABS wheel speed sensors for estimating the severity of
rough road conditions. This is a more direct measurement of rough road over other methods which are based on
driveline feedback via crankshaft velocity measurements. It improves accuracy over these other methods since it
eliminates interactions with actual misfire.

In the event of an RRD system failure, the RRD output will be ignored and the Misfire Monitor will remain active.
An RRD system failure could be caused by a failure in any of the input signals to the algorithm. This includes the

ABS wheel speed sensors, Brake Pedal sensor, or CAN bus hardware failures. Specific DTCs will indicate the
source of these component failures.
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A redundant check is also performed on the RRD system to verify it is not stuck high due to other unforeseen
causes. If the RRD system indicates rough road during low vehicle speed conditions where it is not expected, the
RRD output will be ighored and the Misfire Monitor will remain active.

Profile Correction

"Profile correction" software is used to "learmn" and correct for mechanical inaccuracies in the crankshaft position
wheel tooth spacing. Since the sum of all the angles between crankshaft teeth must equal 360°, a correction factor
can be calculated for each misfire sample interval that makes all the angles between individual teeth equal. . The
LDR misfire system will learn one profile correction factor per cylinder (ex. 4 correction factors for a 4 cylinder
engine), while the HDR system will learn 36 or 40 correction factors depending on the number of crankshaft wheel
teeth (ex. 36 for V6/V8 engines, 40 for V10 engines).

The corrections are calculated from several engine cycles of misfire sample interval data. The "mature” correction
factors are the average of a selected number of samples. In order to assure the accuracy of these corrections, a
tolerance is placed on the incoming values such that an individual correction factor must be repeatable within the
tolerance during learning. This is to reduce the possibility of learning corrections on rough road conditions which
could limit misfire detection capability and to help isolate misfire diagnoses from other crankshaft velocity
disturbances.

To prevent any fueling or combustion differences from affecting the correction factors, learning is done during
decel-fuel cutout. This can be done during closed-throttle, non-braking, de-fueled decelerations in the 60 to 40 mph
range after exceeding 60 mph (likely to correspond to a freeway exit condition). In order to minimize the learning
time for the correction factors, a more aggressive decel-fuel cutout strategy may be employed when the conditions
for learning are present and are typically learned in a single 60 to 40 MPH deceleration, but can be learned during
up to 3 such decelerations, or over a higher number of shorter duration decelerations..

For Hybrid Electric Vehicles profile is learned by using the electric drive to spin the crankshaft on the first engine
shutdown during which time profile is calculated.

Since inaccuracies in the wheel tooth spacing can produce a false indication of misfire, the misfire monitor is not
active until the corrections are learned. In the event of battery disconnection or loss of Keep Alive Memory the
correction factors are lost and must be releamed. If the software is unable to learmn a profile after three 60 to 40
mph decels, a P0315 DTC is set.

Neutral Profile Correction and Non-Volatile Memory

Neutral profile learning is used at End of Line to learn profile correction via a series of one or more neutral engine
rpm throtile snaps. This allows the Misfire Monitor to be activated at the Assembly Plant. A Test Tool command is
required to enable this method of learning, so this method will only be performed by a Plant or Service technician.
Learning profile correction factors at high-speed (3,000 rpm) neutral conditions versus during 60-40 mph decels
optimizes correction factors for higher rpms where they are most needed and eliminates drivelineftransmission and
road noise effects. This improves signal to noise characteristics which means improved detection capability.

The profile correction factors learned at the Assembly Plant are stored into non-volatile memory. This eliminates
the need for specific customer drive cycles. However, misfire profiles may need to be relearned in the Service Bay
using a service procedure if major engine work is done or the PCM is replaced. (Re-learning is not required for a
reflash.)

The 60-40 mph decel profile leaming algorithm has been left active in the software on many applications as a
backup.
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Misfire Monitor Operation:

DTCs P0300 to P0310 (general and specific cylinder misfire)
P1336 (noisy crank sensor, no cam/crank synchronization)
P0315 (unable to learn profile)

P0316 (misfire during first 1,000 revs after start-up)

Monitor execution Continuous, misfire rate calculated every 200 or 1000 revs
Monitor Sequence None

Sensors OK CKP, CMP, MAF, ECT/CHT

Monitoring Duration Entire driving cycle (see disablement conditions below)

Typical misfire monitor entry conditions:

Entry condition Minimum Maximum
Time since engine start-up 0 seconds 0 seconds
Engine Coolant Temperature 20 °F 250 °F
RPM Range (Full-Range Misfire certified, with 2 rev | 2 revs after exceeding redline on tach or fuel
delay) 150 rpm below “drive” cutoff
idle rpm
Profile correction factors learned in NVRAM Yes
Fuel tank level 15%

Typical misfire temporary disablement conditions:

Temporary disablement conditions:

Closed throttle decel (negative torque, engine being driven) > -100 ft Ibs

Fuel shut-off due to vehicle-speed limiting or engine-rpm limiting mode

High rate of change of torque (heavy throttle tip-in or tip out) > -450 deg/sec or 250 deg/sec; > -200 ft Ibs/sec
or > 250 ft Ibs/sec

Rough Road conditions present

Typical misfire monitor malfunction thresholds:

Type A (catalyst damaging misfire rate): misfire rate is an rpm/load table ranging from 40% at idle to 4% at
high rpm and loads

Type B (emission threshold rate): 0.9% to 1.5%
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J1979 Misfire Mode $06 Data

Monitor ID | TestID Description

A1l $80 Total engine misfire and catalyst damage misfire rate (updated every | percent
200 revolutions) (P030x)

Al $81 Total engine misfire and emission threshold misfire rate (updated | percent
every 1,000 revolutions) (PO30x)

Al $82 Highest catalyst-damage misfire and catalyst damage threshold misfire | percent
rate (updated when DTC set or clears) (P0O30x)

Al $83 Highest emission-threshold misfire and emission threshold misfire rate | percent
(updated when DTC set or clears) (P030x)

Al $84 Inferred catalyst mid-bed temperature (P030x) °C

A2 - AD $0B EWMA misfire counts for last 10 driving cycles (P030x) events

A2 - AD $0C Misfire counts for last/current driving cycle (P030x) events

A2 - AD $80 Cylinder X misfire rate and catalyst damage misfire rate (updated | percent

every 200 revolutions) (P030x)

A2 - AD $81 Cylinder X misfire rate and emission threshold misfire rate (updated | percent
every 1,000 revolutions) (PO30x)
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Profile Correction Operation
DTCs

P0315 - unable to learn profile in three 60 to 40 mph decels

Monitor Execution

Once per profile learning sequence.

Monitor Sequence:

Profile must be learned before misfire monitor is active.

Sensors OK:

CKP, CMP, CKP/CMP in synch

Monitoring Duration;

10 cumulative seconds in conditions

(a maximum of three 60-40 mph defueled decels)

Typical profile learning entry conditions (Customer drive cycle):

Entry condition Minimum Maximum

Engine in decel-fuel cutout mode for 4 engine cycles

Brakes applied (Brake On/Off Switch) No No

Engine RPM 1300 rpm 3700 rpm

Change in RPM 600 rpm/background
loop

Vehicle Speed 30 mph 75 mph

Learning tolerance 1%

Typical profile learning entry conditions (Assembly Plant or Service Bay):

Entry condition Minimum Maximum
Engine in decel-fuel cutout mode for 4 engine cycles

Park/Neutral gear

Engine RPM 2000 rpm 3000 rpm
Learning tolerance 1%
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EVAP System Monitor - 0.040” dia. Vacuum Leak Check

Vehicles that meet enhanced evaporative requirements utilize a vacuum-based evaporative system integrity
check. The evap system integrity check uses a Fuel Tank Pressure Transducer (FTPT), a Canister Vent Solenoid
(CVS) and Fuel Level Input (FLI) along with a Canister Purge Valve (CPV) to find 0.040” diameter or larger evap
system leaks. Federal vehicles can utilize a 0.040" leak check rather than the 0.020" leak check required for
California vehicles. Additionally, some programs may elect to run a 0.090" / 0.020" detection configuration and
turn the 0.040" leak test off as provided for in the regulations.

In the case of heavy duty gasoline engines (> 14,000 Ibs), the regulations require 0.150" leak detection only.
Heavy Duty vehicle will not set a P0442 (0.040” leak). They will set a P0455 during the initial vacuum pulldown
phase to meet the 0.0150” leak detection requirement.
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The evap system integrity test is done under conditions that minimize vapor generation and fuel tank pressure
changes due to fuel slosh since these could result in false MIL illumination. The check is run after a 6 hour cold
engine soak (engine-off timer), during steady highway speeds at ambient air temperatures (inferred by IAT)
between 40 and 100 °F.

A check for refueling events is done at engine start. A refuel flag is set in KAM if the fuel level at start-up is at least
20% of total tank capacity greater than fuel fill at engine-off. It stays set until the evap monitor completes Phase 0
of the test as described below. Note that on some vehicles, a refueling check may also be done continuously,
with the engine running to detect refueling events that occur when the driver does not turn off the vehicle while
refueling (in-flight refueling).

The evap system integrity test is done in four phases.
(Phase 0 - initial vacuum pulldown):

First, the Canister Vent Solenoid is closed to seal the entire evap system, and then the Canister Purge Valve
(CPV) is opened to pull an 8" H,O vacuum. If the initial vacuum could not be achieved, a large system leak is
indicated (P0455). This could be caused by a fuel cap that was not installed properly, a stuck open Capless Fuel
Fill valve, a large hole, an overfilled fuel tank, disconnected/kinked vapor lines, a Canister Vent Solenoid that is
stuck open, a CPV that is stuck closed, or a disconnected/blocked vapor line between the CPV and the FTPT.

Note: 2009 Model Year and beyond implementations require 2 or 3 gross leak failures in-a-row prior to setting a
P0455 DTC.

On some vehicles, if the initial vacuum could not be achieved after a refueling event, a gross leak, fuel cap off
(P0457) is indicated and the recorded minimum fuel tank pressure during pulldown is stored in KAM. A “Check
Fuel Cap” light may also be illuminated. On vehicles with capless fuel fill, a message instructing the customer to
check the Capless Fuel Fill valve will appear in conjunction with a P0457 DTC. Depending on calibration, the MIL
may be illuminated in two or three trips with a P0457 failure.

If the initial vacuum is excessive, a vacuum malfunction is indicated (P1450). This could be caused by kinked
vapor lines or a stuck open CPV. If a P0455, P0457, or P1450 code is generated, the evap test does not continue
with subsequent phases of the small leak check, phases 1-4.

Note: Not all vehicles will have the P0457 test or the Check Fuel Cap light implemented. These vehicles will
continue to generate only a P0455. After the customer properly secures the fuel cap, the P0457, Check Fuel Cap
and/or MIL will be cleared as soon as normal purging vacuum exceeds the P0457 vacuum level stored in KAM.

Phase 1 - Vacuum stabilization

If the target vacuum is achieved, the CPV is closed and vacuum is allowed to stabilize for a fixed time. If the
pressure in the tank immediately rises, the stabilization time is bypassed and Phase 2 of the test is entered.

Some software has incorporated a "leaking” CPV test, which will also set a P1450 (excessive vacuum) DTC. This
test is intended to identify a CPV that does not seal properly, but is not fully stuck open. If more than 1 " H,O of
additional vacuum is developed in Phase 1, the evap monitor will bypass Phase 2 and go directly to Phase 3 and
open the canister vent solenoid to release the vacuum. Then, it will proceed to Phase 4, close the canister vent
solenoid and measure the vacuum that develops. If the vacuum exceeds approximately 4 " H,O, a P1450 DTC
will be set.
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Phase 2 - Vacuum hold and decay

Next, the vacuum is held for a calibrated time and the vacuum level is again recorded at the end of this time
period. The starting and ending vacuum levels are checked to determine if the change in vacuum exceeds the
vacuum bleed up criteria. Fuel Level Input and ambient air temperature are used to adjust the vacuum bleed-up
criteria for the appropriate fuel tank vapor volume. Steady state conditions must be maintained throughout this
bleed up portion of the test. The monitor will abort if there is an excessive change in load, fuel tank pressure or
fuel level input since these are all indicators of impending or actual fuel slosh. If the monitor aborts, it will attempt
to run again (up to 20 or more times). If the vacuum bleed-up criteria is not exceeded, the small leak test is
considered a pass. If the vacuum bleed-up criteria is exceeded on three successive monitoring events, a 0.040 “
dia. leak is likely and a final vapor generation check is done to verify the leak, phases 3-4. Excessive vapor
generation can cause a false MIL.

Phase 3 - Vacuum release

This stage of the vapor generation check is done by opening the CVS and releasing any vacuum. The system
will remain vented to atmosphere for approximately 30 - 60 seconds and then proceed to phase 4.

Phase 4 - Vapor generation

This stage of the vapor generation check is done by closing the CVS and monitoring the pressure rise in the
evaporative system. If the pressure rise due to vapor generation is below the threshold limit for absolute pressure
and change in pressure, a P0442 DTC is stored.
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0.040" Evaporative System Monitor
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0.040” EVAP Monitor Operation:

DTCs P0455 (gross leak),

P1450 (excessive vacuum),

P0457 (gross leak, cap off),

P0442 (0.040” leak)
Monitor execution once per driving cycle
Monitor Sequence HO2S monitor completed and OK
Sensors/Components OK | MAF, IAT, VSS, ECT, CKP, TR, FTP, CPV, CVS
Monitoring Duration 360 seconds (see disablement conditions below)

Typical 0.040” EVAP monitor entry conditions, Phases 0 through 4;

Entry condition Minimum Maximum

Engine off (soak) time OR 4 - 6 hours

ECT at start — IAT at start <= 12 °F

Time since engine stari-up 330 seconds | 1800 to 2700
seconds

Intake Air Temp 40 °F 95- 100 °F

BARO (<8,000 ft altitude) 220“Hg

Engine Load 20% 70%

Vehicle Speed 40 mph 90 mph

Purge Duty Cycle 75% 100%

Purge Flow 0.05 Ibm/min | 0.10 Ibm/min

Fuel Fill Level 15% 85%

Fuel Tank Pressure Range -17 H,O 1.5 H,0

Typical 0.040” EVAP abort (fuel slosh) conditions for Phase 2:

Change in load: > 30%

Change in tank pressure: > 1 *“H,O

Change in fuel fill level: > 15%

Number of aborts: > 255

Typical 0.040 EVAP monitor malfunction thresholds:

P1450 (Excessive vacuumy): < -8.0 in H,O over a 30 second evaluation time or > -4. in H,O vapor generation

P0455 (Gross leak): > -8.0 in H,O over a 30 second evaluation time.

P0457 (Gross leak, cap off): > -8.0 in H,O over a 30 second evaluation time after a refueling event.

P0442 (0.040” leak): > 2.5 in H,O bleed-up over a 15 second evaluation time at 75% fuel fill. (Note: bleed-up
and evaluation times vary as a function of fuel fill level and ambient air temperature)

P0442 vapor generation limit: < 2.5 in H,O over a 120 second evaluation time
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J1979 Evaporative System Mode $06 Data

TestID Comp ID Description Units

$3A $80 Phase 0 end pressure result and test limits (data for P1450 — | Pa
excessive vacuum)

$3A $81 Phase 4 vapor generation minimum change in pressure and test limits | Pa
(data for P1450, CPV stuck open)

$3A $82 Phase 0 end pressure result and test limits (data for P0455/P0457 — | Pa

gross leak/cap off)

$3B $80 Phase 2 0.040” cruise leak check vacuum bleed-up and test limits | Pa
(data for P0442 — 0.040" leak)

Note: Default values (0.0 Pa) will be displayed for all the above TIDs if the evap monitor has never
completed. Each TID is associated with a particular DTC. The TID for the appropriate DTC will be updated
based on the current or last driving cycle, default values will be displayed for any phases that have not
completed.
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EVAP System Monitor - 0.020” dia. Engine Off Natural Vacuum

Some vehicles that meet enhanced evaporative requirements utilize an engine off natural vacuum (EONV)
evaporative system integrity check that tests for 0.020" dia. leaks while the engine is off and the ignition key is off.
The evap system integrity check uses a Fuel Tank Pressure Transducer (FTPT), a Canister Vent Solenoid (CVS)
and Fuel Level Input (FLD) to find 0.020” diameter evap system leaks.
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The ldeal Gas Law (PV=mRT) defines a proportional relationship between the Pressure and Temperature of a
gas that is contained in a fixed Volume. Therefore, if a sealed container experiences a drop in temperature it will
also experience a drop in pressure. In a vehicle, this happens when a sealed evaporative system cools after the
engine has been run, or if it experiences a drop in temperature due to external environmental effects. This natural
vacuum can be used to perform the leak check, hence the name Engine Off Natural Vacuum (EONV).
Condensaticon of fuel vapor during cooling can add to the vacuum produced by the Ideal Gas Law.

In contrast to the vacuum produced by drops in temperature, an additional factor can be heat transfer to the
evaporative system from the exhaust system immediately after key-off. Heat transfer from the exhaust at key-off

aided by fuel vaporization may produce a positive pressure shortly after key-off, which can also be used for leak
detection.
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The EONV system is used to perform only the 0.020" leak check while 0.040" dia. leaks and larger (including fuel
cap off) will continue to be detected by the conventional vacuum leak monitor performed during engine running
conditions.

Ford's EONV implementation for California and Green State applications uses a separate, stay-alive
microprocessor in the PCM to process the required inputs and outputs while the rest of the PCM is not powered
and the ignition key is off. The stay-alive microprocessor draws substantially less battery current than the PCM,
therefore, powering only the stay-alive micro during engine-off conditions extends vehicle battery life and allows
the EONV monitor to run more often. The PCM is the only difference between Califoria/Green State and Federal
vehicles.

Inputs to EONV Microprocessor
e Fuel Tank Pressure
e Battery Voltage
Qutputs from EONV Microprocessor

¢ Canister Vent Solenoid
e 0.020" leak data

yst

PCM H|gh-Speed CIUSteI‘
CAN BUS ,
Main | p Main
Micro Micro
VBATT ———® Stay-alive g |
FTPT — »  Micro Intake Manifold
Fuel Level
Indication
CVS
Atmosphere ® § t
Canister
Fuel Tank
Red: Indicates evaporative system
being monitored for leaks.
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Phase 0- Stabilization Phase

The purpose of the Stabilization Phase is to allow tank pressure to stabilize after vehicle shutdown (i.e. ignition in
the OFF position). During this phase, the Canister Vent Solenoid (CVS) is open, thus allowing the pressure in the
fuel tank to stabilize at atmospheric pressure. The duration of the Stabilization Phase is approximately 2 minutes.
A fuel volatility check is performed just prior to its completion.

The fuel volatility check measures tank pressure and will abort the test if more than 1.5 "H,0 is observed in the
tank. Because the CVS is open during this test, it would take a good deal of fuel vaporization to produce this
level of pressure on a vented system. As an example, this condition may occur when a customer performs a long
drive with highly volatile, winter fuel on a 100-deg F day. Note: This feature is not used in most applications.

If the fuel volatility check passes, a Fuel Tank Pressure Transducer (FTPT) offset correction factor is learmned as
the last step of this phase. This correction factor is applied to pressure measurements in the next phase to
improve FTPT accuracy.

Phase 1 - First Test Phase

At the start of this phase, the CVS is commanded shut, thus sealing up the entire evaporative system. If the
system is sufficiently sealed, a positive pressure or vacuum will occur during depending on whether the tank
temperature change is positive or negative. Other effects such as fuel vaporization and condensation within the
fuel tank will also determine the polarity of the pressure. As the leak size increases, the ability to develop a
positive pressure or vacuum diminishes. With a 0.020" leak, there may be no measurable positive pressure or
vacuum at all depending on test conditions.

During this phase, tank pressure is continuously measured and compared to calibrated detection thresholds (both
positive pressure and vacuum) that are based on fuel level and ambient temperature. [f either the pressure or
vacuum threshold is exceeded, the test will be considered a pass, and the monitor will proceed to "Phase 4 —
Test Complete”. If a positive plateau occurs in tank pressure without exceeding the pass threshold, the monitor
will progress 1o "Phase 2 — Transition Phase". If a vacuum occurs, the monitor will remain in Phase 1 until the
test times out after 45 minutes have elapsed since key-off, or the pass threshold for vacuum is exceeded. In
either case, the monitor will transition to "Phase 4 — Test Complete.”

Phase 2- Transition Phase

This phase will occur if a positive pressure plateau occurred in Phase 1 without the positive pass threshold being
exceeded. At the start of the Transition Phase, the CVS is opened and the evaporative system is allowed to
stahilize. The Transition Phase lasts approximately 2 minutes, and a new FTPT offset correction is learned just
prior o its completion. The monitor will then progress to "Phase 3 ~ Second Test Phase".

Note: This phase is termed the Transition Phase because there is a chance that a vacuum will be seen in the
next phase if a positive pressure plateau occurred in Phase 1. The reason for this is that a positive plateau may
be coincident with vapor temperature starting to decrease, which is favorable for developing a vacuum in the fuel
tank. This is not always the case, and it is possible to see a positive pressure in Phase 3 as well.

Phase 3- Second Test Phase

Upon completion of the Transition Phase, the CVS is commanded shut and the FTPT is monitored for any
positive pressure or vacuum that develops. As with "Phase 1 — First Test Phase", if either the positive pressure
or vacuum pass threshold is exceeded, the test is considered a pass and proceeds to "Phase 4 — Test
Complete". Also, if the test times out after 45 minutes have elapsed since key-off, the test will be considered a fail
(i.e. leak detected) and will also proceed to "Phase 4 — Test Complete”.
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Phase 4 - Test Complete

In this phase, the EONV test is considered complete for this key-off cycle. The resultant peak pressure and peak
vacuum are stored along with total test time and other information. This information is sent to the main
microprocessor via CAN at the next engine start. During this phase, the CVS is commanded open and the
electrical components performing the EONV test are shutdown to prevent any further power consumption.

Test Aborts

During the EONV test, several parameters are monitored to abort the EONV test under certain conditions. The
primary abort conditions are instantaneous changes in tank pressure and fuel level. They are used to detect
refuel events and rapidly open the CVS upon detection of them. A list of abort conditions is given below.

Post-2009 Model Year Fault Filtering

To increase the IUMP (rate-based) numerator once per monitor completion, the fault filtering logic for
EONYV was revised. The logic incorporates several important CARB requirements. These are:

e Fast Initial Response (FIR): The first 4 tests after a battery disconnect or code clear will
process unfiltered data to quickly indicate a fault. The FIR will use a 2-trip MIL. This will help
the service technician determine that a fault has been fixed.

s+ Step-change Logic (SCL): The logic will detect an abrupt change from a no-fault condition to
a fault condition. The SCL will be active after the 4th EONV test and will also use a 2-trip MIL.
This will illuminate the MIL when a fault is instantaneously induced.

¢ Normal EWMA (NORMj): This is the normal mode of operation and uses an Exponentially
Weighted Moving Average (EVWMA) to filter the EONV test data. It is employed after the 4th
EONV test and will illuminate a MIL during the drive cycle where the EWMA value exceeds
the fault threshold. (1 trip MIL). The recommended filtertime constant will produce filtering
comparable to a previously-described 5-test average.

If there is a failure using any of the fault filtering logic shown above, a P0456 DTC will be set.
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Phases of EONV Test
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PO = Phase 0, Stabilization Phase — With CVS open, Tank Pressure is allowed to stabilize. A fuel volatility test is
performed and FTPT offset correction is learned if volatility test passes.

P1 = Phase 1, First Test Phase — CVS is closed and pressure peaks below positive pass threshold sending test to
Phase 2. If the positive pass threshold were exceeded, the test would have completed and a pass would have
been recorded.

P2 = Phase 2, Transition Phase — CVS is opened and a second stabilization phase occurs. A second FTPT offset
is learned during this time.

P3 = Phase 3, Second Test Phase — CVS is closed again and a vacuum develops that eventually exceeds the
negative pass threshold. When this occurs, the test proceeds to Phase 4, test complete.

P4 = Phase 4, Test Compete — CVS opens (not pictured in above data file), results are recorded, and stay-alive
electronics shutdown.
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Ambient, soak
time and engine
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0.020” EONV EVAP Monitor Operation:

DTCs P0456 (0.020” leak)
P260F (Evaporative System Monitoring Processor Performance)
Monitor execution Once per key-off when entry conditions are met during drive. Monitor will run up
to 2 times per day, or 90 cumulative minutes per day (whichever comes first)
Monitor Sequence none

Sensors/Components OK

EONV Processor, Canister Vent Solenoid, Fuel Tank Pressure Sensor, Fuel
Level Input, Vapor Management Valve, CAN communication link

Monitoring Duration
fault is present.

45 minutes in key-off state if fault present. Tests will likely complete quicker if no

Typical 0.020” EONV EVAP monitor entry conditions:

Entry conditions to allow EONV test (prior to key off) Minimum Maximum
Engine off (soak) time 3.5-6 hours

OR
Inferred soak criteria met: - (ECT at start — IAT at start) 12degF
Inferred soak criteria met — ECT at start 35degF 105deg F
Inferred soak criteria met - minimum engine off soak time 0 sec

Time since engine start-up to allow EONV test 20 minutes 90 minutes

Ambient Temperature at start-up 40°F 95 °F

Battery Voltage to start EONV test 11 volts

Number of completed EONV tests in 24hr cycle 6

Cumulative test time in 24hr cycle 90 minutes

Fuel level 15% 85%

ECU time since power-up to allow EONV test 180 seconds

Flex fuel inference complete Learned

BARO (<8,000 ft altitude) 22.0"Hg

Summation of air mass since start ensures that vehicle has been | 7500 to 15000

operated off idle (function of ambient temperature). Ibm/min

Ratio of drive time to (drive + soak) time. (This allows for the driverto | 0.8

key-off for a short time without losing the initial soak condition.)
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Typical 0.020” EONV EVAP key-off abort conditions:

Tank pressure at key-off > 1.5" H,0 during stabilization phase (indicates excessive vapor)

Tank pressure not stabilized for tank pressure offset determination

Rapid change in tank pressure > 0.5"H,0 (used for refuel/slosh detection)

Rapid change in fuel level > 5% (used for refuel/slosh detection)

Battery voltage < 11 Volts

Rapid change in battery voltage > 1 Volt

Loss of CAN network

Canister Vent Solenoid fault detected

Driver turns key-on

Typical 0.020 EONV EVAP monitor malfunction thresholds:
P0456 (0.020” leak): < 0.75 in H,O pressure build and

< 0.50 in H,O vacuum build over a 45 minute maximum evaluation time

Note: EONV monitor can be calibrated to illuminate the MIL after two malfunctions (an average of four key-off
EONV tests, eight runs in all) or after a single malfunction (an average of five key-off EONV tests, five runs in
all), or using EWMA with Fast Initial Response and Step Change Logic. Most new 2006 MY and later
vehicles will use the five-run approach, most new 2009 MY and later use the EWMA approach.

J1979 EONV EVAP monitor Mode $06 Data

Monitor ID | Comp ID | Description Units
$3C $81 EONYV Positive Pressure Test Result and Limits (data for P0456) | Pa
$3C $82 EONV Negative Pressure (Vacuum) Test Result and Limits(data | Pa
for P0456)
$3C $83 Normalized Average of Multiple EONV Tests Results and Limits | unitless
(where 0 = pass, 1 = fail) (data for P0456)

Note: Default values (0.0) will be displayed for all the above TIDs if the evap monitor has never completed.
The appropriate TID will be updated based on the current or last driving cycle, default values will be displayed
for any phases that have not completed.
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EVAP System Monitor Component Checks

Additional malfunctions that are identified as part of the evaporative system integrity check are as follows:

The Canister Purge Valve {(CPV) output circuit is checked for opens and shorts (P0443)

Note that a stuck closed CPV generates a P0455, a leaking or stuck open CPV generates a P1450.

Canister Purge Valve Check Operation:

DTCs P0443 - Evaporative Emission System Purge Control Valve "A" Circuit
Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 5 seconds to obtain smart driver status

Typical Canister Purge Valve check malfunction thresholds:

P0443 (CPV): open/shorted at 0 or 100% duty cycle

The Canister Vent Solenoid output circuit is checked for opens and shorts (P0446), a stuck closed CVS
generates a P1450, a leaking or stuck open CVS generates a P0455.

Canister Vent Solenoid Check Operation:

DTCs P04486 — Canister Vent Solenoid Circuit
Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 5 seconds to obtain smart driver status

Typical Canister Vent Solenoid check malfunction thresholds:
P0446 (Canister Vent Solenoid Circuit): open/shorted
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The Evap Switching Valve (EVAPSV) output circuit is checked for opens and shorts (P2418).

Evap Switching Valve Check Operation:

DTCs P2418 - Evap Switching Valve Circuit
Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 5 seconds to obtain smart driver status

Evap Switching Valve check malfunction thresholds:

P2418 (Evap Switching Valve Circuit): open/shorted

The Fuel Tank Pressure Sensor input circuit is checked for out of range values (P0452 short, P0453 open), noisy
readings (P0454 noisy) and an offset (P0451 offset).

Note that an open power input circuit or stuck check valve generates a P1450.

Fuel Tank Pressure Sensor Transfer Function

FTP volts =[ Vref * (0.14167 * Tank Pressure) + 2.6250 1/ 5.00

Volts A/D Counts in PCM Fuel Tank Pressure, Inches H,O
0.100 20 -17.82

0.500 102 -15.0

1.208 247 -10.0

2625 464 0
3.475. 712 6.0

4.750 973 15.0

4.90 1004 16.06

Fuel Tank Pressure Sensor Check Operation:
DTCs P0452 — Fuel Tank Pressure Sensor Circuit Low
P0453 - Fuel Tank Pressure Sensor Circuit High

P0454 — Fuel Tank Pressure Sensor Intermittent/Erratic (noisy)

Monitor execution continuous
Monitor Sequence None
Sensors OK not applicable
Monitoring Duration 5 seconds for electrical malfunctions, 10 seconds for noisy sensor test
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Typical Fuel Tank Pressure Sensor check malfunction thresholds:

P0452 (Fuel Tank Pressure Sensor Circuit Low): <-17.82 in H,O

P0453 (Fuel Tank Pressure Sensor Circuit High): > 16.06 in H,O

P0454 (Fuel Tank Pressure Sensor Circuit Noisy): > open circuit, short circuit or > 4 in H,O change between
samples, sampled every 100 msec

DTCs P0451 - Fuel Tank Pressure Sensor Range/Performance (offset)
Monitor execution once per driving cycle

Monitor Sequence No P0443 or P1450 DTCs

Sensors OK not applicable

Monitoring Duration <1 second

Entry condition Minimum Maximum
lgnition key on, engine off, engine rpm 0 rpm

Purge Duty Cycle 0%

Engine off (soak) time 4 - 6 hours

Fuel Tank Pressure Sensor Variation during test 0.5in H,O
Battery Voltage 11.0 Volts

Typical Fuel Tank Pressure Sensor Offset Check Malfunction Thresholds:

Fuel tank pressure at key on, engine offis 0.0 in H,O +/- 2.0in H,O
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The Fuel Level Input is checked for out of range values (opens/ shorts). The FLI input is obtained from the serial
data link from the instrument cluster. If the FLI signal is open or shorted, the appropriate DTC is set (P0462 circuit
low and P0463 circuit high).

Vehicles with a "saddle tank" (a tank that wraps over the axie) have two fuel level senders. The FLI input is
obtained from the serial data link from the instrument cluster. If the FLI signal is open or shorted, the appropriate
DTC is set (P2067 circuit low and P2068 circuit high). A "jet pump" pumps fuel from the passive side of the saddle
tank to the active side of the saddle tank where the main fuel pump supplies the engine with fuel. This means that
the active side of the fuel tank typically has a high fuel level reading because it it constantly filled by the jet pump.
For purposes of computing vehicle fuel level, the two FLI readings are averaged together into one signal that
represents the combined fuel level.

Finally, the Fuel Level Input is checked for noisy readings. If the FLI input continues to change > 40% between
samples, a P0461 DTC is set.

Fuel Level Input Check Operation:

DTCs P0461 — Fuel Level Sensor A Circuit Noisy
P0462 — Fuel Level Sensor A Circuit Low
P0463 —~ Fuel Level Sensor A Circuit High
P2067 — Fuel Level Sensor B Circuit Low
P2068 — Fuel Level Sensor B Circuit High

Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 30 seconds for electrical malfunctions,

Typical Fuel Level Input check malfunction thresholds:

P0460 or P0462 (Fuel Level Input Circuit Low): <5 ohms (<1 A/D count)
P0460 or P0463 (Fuel Level Input Circuit High): > 200 ohms (>253 A/D counts)

P0461 (Fuel Level Input Noisy): > 40% change between samples, > 100 occurrences, sampled every 0.100
seconds
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The FLI signal is also checked to determine if it is stuck. "Fuel consumed” is continuously calculated based on
PCM fuel pulsewidth summation as a percent of fuel tank capacity. (Fuel consumed and fuel gauge reading range
are both stored in KAM and reset after a refueling event or DTC storage.) If the there is an insufficient
corresponding change in fuel tank level, a P0460 DTC is set.

Different malfunction criteria are applied based on the range in which the fuel level sensor is stuck.

In the range between 15% and 85%, a 30% difference between fuel consumed and fuel used is typical. The actual
value is based on the fuel economy of the vehicle and fuel tank capacity.

In the range below 15%, a 40% difference between fuel consumed and fuel used is typical. The actual value is
based on reserve fuel in the fuel tank and the fuel economy of the vehicle.

In the range above 85%, a 60% difference between fuel consumed and fuel used is typical. The actual value is
based on the overfill capacity of the fuel tank and the fuel economy of the vehicle. Note that some vehicles can be
overfilled by over 6 gallons.

Fuel Level Input Stuck Check Operation:

DTCs P0460 — Fuel Level Input Circuit Stuck

Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration Between 15 and 85%, monitoring can take from100 to 120 miles to complete

Typical Fuel Level Input Stuck check malfunction thresholds:
P0460 (Fuel Level Input Stuck):

Fuel level stuck at greater than 90%: > 60% difference in calculated fuel tank capacity consumed versus
change in fuel level input reading

Fuel level stuck at less than 10%: > 30% difference in calculated fuel tank capacity consumed versus change
in fuel level input reading

Fuel level stuck between 10% and 90%: > 25% difference in calculated fuel tank capacity consumed versus
change in fuel level input reading

The Evap Monitor Microprocessor is checked for proper microprocessor operation or loss of CAN
communication with the main microprocessor (P260F). Applies only if EONV is in separate microprocessor.

Evap Monitor Microprocessor Performance;

DTCs P260F - Evap System Monitoring Processor Performance
Monitor execution continuous
Monitor Sequence None
Sensors OK not applicable
Monitoring Duration 5 seconds
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Evap Switching Valve (EVAPSV) Diagnostics

The Evap Switching Valve (EVAPSV) is included on HEV applications for 2009 Model Year. It is very similarto
the Fuel Tank Isolation Valve (FTIV) used in previous model years. The Evap Switching Valve is also known as a
Vapor Blocking Valve (VBV). The purpose of the EVAPSYV is 10 isolate the fuel tank from the rest of the
evaporative system so that the Canister Purge Valve (CPV) can purge more aggressively with minimal risk of
purge vapor slugs being ingested into the intake.

The EVAPSV is normally closed during engine operation, but may vent during a drive to relieve positive pressure.
The exact pressure points at which the valve opens and closes are vehicle dependent. When the vehicle is in a
key-off state, the EVAPSV is not powered and the valve is open.

The VBV circuit and functional diagnostics will set the following DTCs:

P2418 — EVAPSYV circuit fault
P2450 -~ EVAPSV stuck open fault

The EVAPSV circuit diagnostics are very similar to that of the Canister Purge Valve (CPV) and Canister Vent
Solenoid (CVS). See Evap System Monitor Component Checks below.

A diagram of an evaporative system with an EVAPSV (shown as a VBV) is shown below:

3-Port Canister
Engine | CPS Buffer Main Canister
VBY i Optional |
:  Bleed |
FTPT i Canister |
— Cvs
Fuel Tank .
Dust Filter
Key:
CPS — Canister Purge Solenoid
VBV - Vapor Blocking Valve
FTPT — Fuel Tank Pressure Atmospheric
Transducer
Pressure
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The Evaporative System monitor performs a functional check of the EVAPSYV in Phase 3 of the evap monitor
cruise tests if the 0.040" leak test passes. At the end of Phase 2, tank pressure will be in the range of -8 to -5 "H20
and the EVAPSV will be open. At the beginning of Phase 3, the EVAPSV is commanded closed and the CVS is
commanded open. If the EVAPSYV fails 1o close, there will be a rapid pressure loss in the fuel tank. If this pressure
loss exceeds a calibrated threshold, a P2450 DTC is set. (Requires 2 or 3 failures in a row during a driving cycle
(calibratable)). If the fault is present on a second driving cycle, the MIL will be illuminated.

EVAP Switching Valve (EVAPSV) Monitor Operation:

DTC P2450
Monitor execution once per driving cycle
Monitor Sequence Runs after evap 0.040" cruise test

Sensors/Components OK | MAF, IAT, VSS, ECT, CKP, TP, FTP, CPV, CVS

Monitoring Duration 30 seconds (see disablement conditions below)

Typical EVAP Switching Valve (EVAPSV) monitor entry conditions:

Entry condition Minimum Maximum

0.040" Cruise Test completes

Typical EVAP Switching Valve (EVAPSV) abort conditions:

Change in fuel fill level: > 15%

Typical EVAP Switching Valve (EVAPSV) malfunction thresholds:

P2418. Presence of short, open, or intermittent fault for more than 5 seconds

P2450. Pressure loss > 3" H,0 during phase 3.

J1979 Evaporative System Mode $06 Data

TestID Comp ID Description Units
$3D $82 Vapor blocking valve performance (P2450) Pa

Note: Default values (0.0 Pa) will be displayed for all the above TIDs if the evap monitor has never
completed. Each TID is associated with a particular DTC. The TID for the appropriate DTC will be updated
based on the current or last driving cycle, default values will be displayed for any phases that have not
completed.
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Blocked Purge Line Diagnostics

If an in-line Fuel Tank Pressure Transducer is used, it is possible for a blockage to occur between the Fuel Tank
Pressure Transducer (FTPT) and fuel tank. If this occurs, the evap monitor would run and pass all leak check
diagnostics even if there is a leak at the fuel cap. (The blockage will make the system look sealed despite the
leak.). The blocked line diagnostic looks for a rapid drop in pressure during Phase 0 of the cruise test. This rapid
pressure drop occurs because the Canister Purge Valve (CPV) applies a vacuum to just the canister and evap
lines. Upon seeing an excessively fast pressure drop in Phase 0, the evap monitor will invoke a special execution
of Phase 3 & 4 where a CPV pressure pulse is applied to the evap system. This pressure pulse is at a very low
flow and short duration (0.5 -1.0 seconds) to avoid drivability issues. If this intrusive test fails, the Phase 0 test and
the intrusive test are repeated 2 or 3 times prior to setting a P144A DTC.

Diagram of an evaporative system with a blockage is shown below:

3-Port Canister
Engine | CPS Buffer Main Canister
VBV i Optional |
: Bleed
FTPT ; Canister |
Blockag
e\i % CVS
]
Fuel Tank :
Dust Filter
Key:
CPS - Canister Purge Solenoid
VBV — Vapor Blocking Valve
FTPT - Fuel Tank Pressure Atmospheric
Transducer Pressure
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EVAP Blocked Line Monitor Operation:

DTC P144A
Monitor execution once per driving cycle
Monitor Sequence Runs during Phase 0 of evap 0.040" cruise test. Performs an intrusive test in

Phases 3 & 4 to confirm a fault.

Sensors/Components OK

MAF, IAT, VSS, ECT, CKP, TR, FTP, CPV, CVS

Monitoring Duration

30 seconds (see disablement conditions below)

Typical Blocked Line monitor entry conditions:

Entry condition Minimum Maximum
General 0.040" Cruise Test conditions apply

Air mass high enough for intrusive portion of test 1.5 (Ib/min)

Manifold vacuum high enough for intrusive portion of test 5"Hg

Not in open loop fueling

CPV purging

Typical EVAP Blocked Line abort conditions:

All tems cited under entry conditions apply.

Typical EVAP Blocked Line malfunction thresholds:

P144A: Phase 0 portion of test delta pressure < -5 "H,0/sec
P144A: Phase 3 & 4 (intrusive test) pressure response < -2 "H,0

J1979 Evaporative System Mode $06 Data

TestID Comp ID Description Units
$3D $80 Blocked Evap System Line - Screening test (P144A) Pa/sec
$3D $81 Blocked Evap System Line - Fault confirmation test (P144A) Pa

Note: Default values (0.0) will be displayed for all the above TIDs if the evap monitor has never completed.
Each TID is associated with a particular DTC. The TID for the appropriate DTC will be updated based on the
current or last driving cycle, default values will be displayed for any phases that have not completed.
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Single Path Purge Check Valve Diagnostics

Boosted applications use a mechanical check valve between the intake manifold and the Canister Purge Valve
(CPV). The purpose of this check valve is to prevent reverse flow through the evaporative emissions system
under boosted conditions. The check valve is a simple diaphragm type valve were the rubber diaphragm slides
inside a cylinder and is pushed against a stop under boost closing off flow through the valve. While at atmosphere
or under vacuum the valve is pulled off the stop allowing flow from the evaporative system to the intake manifold.
The check valve diagnostic looks for a failed open, improperly installed, or missing valve that could result in intake
manifold vapors being pushed back into the evaporative emissions system (see figure below). A failed check
valve is detected if the rate of rise in Fuel Tank Pressure Sensor is greater than a calibratable threshold while the
Canister Vent Valve is closed, Canister Purge Valve open, and the engine is boosted above a minimum level
(under boost the system should be sealed if the check valve is operating properly). This condition will set DTC
P144C.

Figure: System schematic showing the potential for reverse flow if the check valve is failed.

Intake
Manifold
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Evaporative System Purge Check Valve Performance Diagnostic Operation:

DTC P144C - Evaporative Emission System Purge Check Valve Performance
Monitor execution Once per driving cycle, during boosted operation
Monitor Sequence None

Sensors/Components OK | ECT/CHT, IAT, MAP, CPV, CVV, FTPT, FLI, BARO, TIP

Monitoring Duration 5 to 10 seconds depending on level of boost

Typical Evaporative System Purge Check Valve Performance Entry Conditions

Entry condition Minimum Maximum
Ambient temperature (IAT) 40° F 95° F
Battery Voltage 11.0 Volis

Fuel level 15% 85%
Engine Coolant Temperature (CHT/ECT) 160° F

Atmospheric Pressure (BARO) 23" Hg

Boost Pressure (MAP — BARO) 410 8" Hg

Typical Evaporative System Purge Check Valve Diaghostic malfunction thresholds:

Pressure Rise Rate (delta pressure / delta time) > 0.50 " H,O/sec

Threshold is a function of fuel level with a range of 0.5t0 1.0
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Dual Path Purge Check Valve Diagnostics

Boosted applications that have a lower power-to-weight ratio use two purge flow paths to allow purge under boost
conditions in addition to normal vacuum conditions.

Dual path purge applications use a mechanical check valve 1 (CV1) between the intake manifold and the
Canister Purge Valve (CPV). During non-boosted conditions, purge vapors go through check valve 1 before
entering the intake. The purpose of this check valve is to prevent reverse flow through the evaporative emissions
system under boosted conditions. The check valve is a simple diaphragm type valve were the rubber diaphragm
slides inside a cylinder and is pushed against a stop under boost closing off flow through the valve.

A second identical check valve 2 (CV2) is used to facilitate purging during boost. During boosted conditions, a
venturi device, called an ejector, is used to generate the needed vacuum for purging. The purge vapors flow
through CV2, the turbo charger, and the charge air cooler before entering the intake manifold.

The check valve diagnostic looks for a failed open CV1, a failed closed CV2, a failed ejector, an improperly

installed CV1 or CV2, or missing CV1 that could result in intake manifold vapors being pushed back into the
evaporative emissions syst